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Headquartered in London

Bespoke and syndicated offerings

Specialize in analysis of consumer attitudes and 

behaviour across multiple FMCG industries

Over 700,000 consumers surveyed in 2019

Specific focus on all aspects of health and nutrition

For more information please contact us on 

info@fmcggurus.com

FMCG Gurus – who we are



This presentation is based on findings from three separate surveys 

conducted by FMCG Gurus

FMCG Gurus CBD survey – 26,000 consumers surveyed across twenty six different countries in Q3 

2019

FMCG Gurus Sleep and Stress management survey – 26,000 consumers surveyed across twenty 

six different countries in Q3 2019

FMCG Gurus Cognitive health survey – 25,000 consumers surveyed across twenty five different 

countries in Q3 2018/Q2 2019
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Anxiety, stress and sleep deprivation are common problems 

experienced by consumers

Do you suffer from any of the following health problems? Global

Stress Difficulty sleeping

21%

24%

27%

18%

11%

Never Rarely Sometimes

Most of the time All of the time

14%

25%

29%

20%

11%

Never Rarely Sometimes

Most of the time All of the time

At least three in ten consumers across the globe suffer from sleep 

disruption and anxiety on a regular basis

This is something that will have a direct impact on quality of life in the 

short- and long-term



An overview of global sleeping patterns

Consumers are not happy with the quantity and quality of the sleep that they are getting

46%

47%

48%

49%

49%

50%

Ability to stay asleep once
you have fallen asleep

Amount of sleep you get daily

Quality of sleep you get daily

Ability to fall asleep easily

Your quality of overall life as
a result of your sleeping

habits

How refreshed you typically
feel after a sleep

Proportion of global consumers who say that they are 

satisfied with the following
25% of global consumers say they get 

less than five hours sleep in the average 

night

55% of global consumers say that they 

are woken up at least once in the 

average night

39% of global consumers say they wake 

up at least three times in the average 

evening when sleeping

52% of global consumers who wake up 

in the night say that they find it difficult 

to get back to sleep
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Cognitive health problems are common across the globe

Proportion of global consumers who say they regularly suffer from the following issues 

General forgetfulness: 

23%

Period of memory loss: 

20%

Regular headaches: 

22%

Blurred vison: 

20%

Fatigue: 

28%

Difficulty sleeping: 

26%

Difficulty understanding: 

16%

Feeling confused: 

17%

Lacking sharpness: 

20%

Lack of concentration: 

21%

Lack of mental focus: 

19%

Loss of words: 

15%

This will drive demand for products that aid cognitive health

CBD products can also be 

used to target consumers who 

want to improve their cognitive 

health



Introduction

Overview of sleep and anxiety across the globe

Cognitive health issues are prevalent across the globe

Consumer interest in CBD products

Addressing barriers within the CBD market

Conclusions

AGENDA



Currently, one in ten consumers across the globe say that they use 

products that contain CBD oil

Globally: 9%

Europe: 10%
North 

America: 10%

Asia-Pacific: 

7%

South 

America: 6%

Africa: 9%

Proportion of consumers who currently use 

CBD products

Why are you currently using products that 

contain CBD? Consumers who use CBD

Global Europe
Asia-

Pacific

North 

America

South 

America
Africa

Pain relief 38% 40% 41% 31% 31% 36%

Anxiety 44% 37% 55% 36% 44% 40%

Serious 

health 

issues

13% 16% 11% 12% 14% 14%

Skin health 15% 18% 12% 9% 9% 13%

Heart health 25% 24% 22% 19% 24% 35%

Cognitive 

health
26% 26% 21% 33% 29% 28%

Sleep 34% 32% 40% 28% 29% 37%

Sports 

recovery
11% 13% 5% 13% 9% 24%

Experiment

ation
21% 24% 16% 22% 19% 23%

Enjoyment 22% 27% 19% 19% 26% 14%

Beauty 11% 12% 9% 19% 22% 5%

Cannabis 

substitute
5% 4% 4% 5% 8% 3%

Other 10% 10% 8% 11% 9% 8%

Usage of CBD oil products is currently low – peaking in North America and Europe

CBD is used for a variety of reasons, with the main reason being to help deal with anxiety brought about 

by the frantic nature of everyday life



However, acceptance of CBD products is considerably higher

Brands and manufacturers are creating products that contain cannabis oil. In its simplest form, these 

products contain concentrated legal forms of cannabis extracts that are said to offer physical and mental 

health benefits

Proportion of consumers who think such products should be legalized

Europe: 43%
North 

America: 55%

Asia-Pacific: 

48%

South 

America: 33%
Africa: 54%Global: 45%

Proportion of consumers who are willing to use CBD products

Europe: 37%
North 

America: 50%

Asia-Pacific: 

37%

South 

America: 50%
Africa: 39%Global: 40%

Four in ten consumers state that they are willing to use products that contain 

CBD oil when given an explanation as to what such products are

Nearly half of all consumers think such products should be legalized – with 

this attitude being most notable in North America

There is a major opportunity to grow the CBD market amongst consumers 

who are suffering from day-to-day and long-term cognitive health problems



Consumers demonstrate a willingness to use CBD products for a 

variety of physical and cognitive issues

Top reason regionally:

Europe: Pain relief 44%

Asia-Pacific: Sleep 39%

North America: Sleep 33%

South America: Enjoyment 40%

Africa: Anxiety 52%

8%

11%

13%

14%

16%

17%

24%

25%

26%

27%

40%

40%

40%

Other

Cannabis substitute

Sports recovery

Beauty

Serious health issues

Skin health

Experimentation

Cognitive health

Enjoyment

Heart health

Anxiety

Pain relief

Sleep

Why would you be willing to try these products?

Global 

Demand for products will be driven 

by consumers wanting products that 

they help address sleep and anxiety 

issues

Use of CBD oil is primarily driven by 

health and wellness – South 

America is the exception to this



Interest in CBD from a consumer perspective is being mirrored by 

NPD in the food and drinks industry

The number of CBD launches continues to grow year-on-year



Consumers would like to see CBD products available in a variety of 

products

In what product categories would you be willing to try such products?

Respondents willing to use products containing CBD

Creams and lotions

Global: 46%

Europe: 48%

Asia-Pacific: 45%

North America: 46%

South America: 49%

Africa: 32%

Nutritional supplements

Global: 31%

Europe: 29%

Asia-Pacific: 31%

North America: 41%

South America: 39%

Africa: 32%

Food

Global: 22%

Europe: 23%

Asia-Pacific: 22%

North America: 31%

South America: 28%

Africa: 22%

Beverages

Global: 21%

Europe: 20%

Asia-Pacific: 17%

North America: 18%

South America: 17%

Africa: 31%

Oils

Global: 50%

Europe: 52%

Asia-Pacific: 44%

North America: 50%

South America: 51%

Africa: 58%

Vapes

Global: 43%

Europe: 38%

Asia-Pacific: 42%

North America: 37%

South America: 50%

Africa: 54%

Oils and creams and lotion are two categories where consumers are particularly likely to want to see 

products containing CBD
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The CBD industry needs to address barriers to purchase to further 

grow the market

Why are you not willing to try products? 

Respondents unwilling to use products containing CBD

Global Europe
Asia-

Pacific

North 

America

South 

America
Africa

Concerned about side effects 37% 43% 47% 27% 29% 23%

I do not think such products are safe 40% 39% 43% 44% 44% 37%

I do not know enough about these products 41% 42% 37% 36% 49% 41%

I am concerned such products could be 

addictive
38% 41% 37% 25% 41% 27%

I am skeptical about the health benefits of 

these products
37% 41% 38% 28% 16% 32%

These products are too expensive 28% 31% 27% 28% 26% 25%

Skeptical about taste 29% 29% 24% 37% 39% 26%

Doctor or medical professional advised 

against it
18% 17% 14% 26% 30% 23%

I am concerned about interactions with other 

medications and/or supplements I currently 

take

21% 20% 16% 28% 36% 35%

Someone I know had a bad experience after 

use
12% 13% 11% 15% 12% 14%

Lack of independent lab testing for THC 

levels
9% 11% 7% 11% 11% 9%

A lack of awareness and concerns about the safety of such products need to be addressed by the 

industry for full mainstream acceptance of products containing CBD



The CBD industry also needs to reassure consumers who are willing 

to use products about the issue of side effects

If buying products that contain CBD oil, would you be concerned about such products creating 

any side-effects?

Respondents willing to use products containing CBD

20% 17%
25%

19% 23%
16%

17% 17%
14%

20%
19%

18%

Global Europe Asia North America South America Africa

Somewhat concerned Very concerned

Four in ten consumers who are willing to use CBD products admit to 

concerns about side effects. These concerns are most noticeable in 

South America

Brands need to offer reassurance that products do not create side-

effects such as mood swings, dehydration, additive feelings, 

difficulty sleeping etc. 



Three quarters of respondents who use CBD products have suffered 

from side effects

Have you experienced any of the following side effects as a result of using CBD products? Please 

select all that apply

Respondents who currently use CBD products

Global

13%

15%

15%

16%

16%

16%

16%

16%

17%

18%

20%

Feelings that the product is addictive

Uncomfortable feelings in the mouth

Problems with sleep

Loose bowel movements

Headaches

Dizziness

Changes in appetite

Fatigue

Mood swings

Feelings of stress

Nausea/sickness

This is something that will impact on willingness to use products in the long-term , particularly amongst 

those who do not see CBD products as a necessity but something that can help with day-to-day issues
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Demographic analysis

Millennials are most likely to 

say that they suffer from 

feelings of stress (38%)

(Consumers born between 

1981-1996)

Generation Z are most likely 

to say that they suffer from 

difficulty sleeping (46%)

(Consumers born between 

1965-1980)

Millennials are most likely to 

say that they are currently 

using CBD products (15%)

(Consumers born between 

1981-1996)

Generation Z are most likely 

to say that they are willing to 

use CBD products (54%)

(Consumers born from 

1997 onwards)

Baby-Boomers are the least 

likely to say that they are 

willing to use CBD products 

(32%)

(Consumers between 1946-

1964)

Millennials are most likely to 

say that they would be 

willing to use CBD products 

to help them get to sleep 

(48%)

(Consumers born between 

1981-1996)

Key takeout by age group



Conclusions

Currently, usage of CBD products is low across the globe. However, a considerably higher proportion of 

consumers are willing to try such products

Consumers are particularly likely to want to use CBD products to address disrupted sleeping patterns 

and anxiety

This is something that is being brought about by the pressures of everyday life and an inability to rest 

and unwind

Consumers would like to see CBD products available in a variety of formats and flavors – sensory 

appeal is important irrespective of the functional benefits of products

To further grow the mainstream CBD market, the industry needs to address concerns about side-effects 

and safety of products
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The story of Bobby

May

March 2010
Lewis MD, Ghassemi P, Hibbeln JR. Therapeutic use of omega-3s in 
severe head trauma. Am J of Emergency Med, e-publ, Aug 2012



The story of Bobby

May

June 2010

October 2010
July 2010

March 2010

Lewis MD, Ghassemi P, Hibbeln JR. Therapeutic use of omega-3s in 
severe head trauma. Am J of Emergency Med, e-publ, Aug 2012







Update on Bobby
• Started on hemp-derived CBD oil June 2015

• Phone call two weeks later….
• No longer depressed
• Stopped taking SSRI’s
• Anxiety levels completely vanished
• Asked a girl for her phone number 
• Set goal to walk without assistance 

• 10 months later, an email…





Learning Objectives
1. Describe the role our endogenous 

cannabinoid system plays in our bodies

2. Understand how phytocannabinoids
interact with our endogenous 
cannabinoid system

3. Understand the clinical use of 
Cannabidiol (CBD) in 
maintaining/obtaining brain health 
including its use in anxiety and TBI



We All Have Cannabinoid Receptors



Endocannabinoid Tone

• Most important physiologic system 
involved in establishing and maintaining 
human health 

• Various lifestyle factors including            
diet and aerobic activity affect the overall 
ECS function or ‘endocannabinoid tone’ 

• Keeps internal bodily functions stable and 
controls how we think, feel, and react



Balanced Effects of Endocannabinoids

• Metabolic syndrome

• Obesity & over-eating
• Increased inflammation
• Insulin resistance/diabetes
• Mental health instability

• Migraines
• Chronic pain
• Fibromyalgia
• IBS
• Depression
• PTSD

Ideally, if the ECS is functioning normally, a 
person might enjoy a normal mental state, 

without pain, have good digestive function, etc. 



Arachidonoyl
ethanolamide

(Anandamide or AEA)

• Discovered 1992 by Raphael Mechoulam

• “Ananda–mide” means bliss–molecule

• Activity CB1>>CB2 receptors

• Short half-life (minutes) – made on demand

• Broken down by Fatty Acid Amide Hydrolase
(FAAH) into arachidonic acid



Anandamide - Functions
• Pleasure/happiness/euphoria

• Ability to cope with stress

• Decrease/relieve anxiety

• Enhances libido

• Reduces pain levels, cortisol levels, and 
inflammation

• May inhibit cancer cell growth



2-arichidonyl 
glycerol (2-AG)

• 200 times more 2-AG than anandamide

• Full agonist for CB1R & CB2R

• Main activator of CB2 receptors
• Immune system and brain glial cells

• Broken down into Arachidonic Acid



Functions of 2-AG
• Regulates immune function

• Reduces inflammation

• Neuroprotective

• Suppresses seizure activity

• Communication: gut flora to brain

• Regulates vascular system



Nature and the Endocannabinoid System

Cannabinoid Receptors
[CB1, CB2, TRPV1, 5-HT1A]

Endogenous
Cannabinoids

[Anandamide (AEA)
2-arachidonoylglycerol (2-

AG)] 

Regulatory Metabolic/
Catabolic Enzymes 

[fatty acid amide hydrolase
(FAAH), monoacylglycerol
lipase (MAGL), and others]

Phyto-
Cannabinoids
[THC & CBD] 



History: Cannabis as Medicine
• 2900 BC: Chinese Emperor Fu His - popular 

medicine that possessed both yin and yang
• 1450 BC: Book of Exodus (30:22-23)
• 1213 BC: Egyptians Use for glaucoma, inflammation
• 1000 BC: Used in India as anesthetic
• 700 BC: Documented use in Persia
• 200 BC: Used in Ancient Greece for inflammation
• 1762: farming of hemp required by law in Virginia
• 1745-1824: grown by Presidents GW, TJ, JM, others
• 1942: USDA film “Hemp for Victory” to support the 

war effort, encourages growing hemp
• 2018: Farm Bill with Hemp Act



Agricultural Hemp Is Amazing
• Non-psychoactive (euphoria)/toxic

• Whole plant is incredibly useful: Food, 
fiber, rope, textiles, building materials, 
fuels, >25K uses

• Nutrient rich: EFAs, amino acids, Vitamin 
E, phosphorus, potasium, sodium, 
magnesium, sulfur, calcium, iron, zinc

• Eco-friendly: Sequesters CO2, no 
herbicides, repletes soil
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Raw Hemp Extract
CBDA: Herbal Ibuprofen

 Cannabidiolic Acid  “Acid form” of CBD
 Least blood-brain barrier penetration
 Least likely to cause any CNS effects
 More specific in inflammation management 

Blocks COX-2 enzyme more than CBD
 Inflammation
 Arthritis
 Exercise recovery
 Headache pain
 Gut modulation, leaky gut, IBS
 Balm excellent for acne, eczema, skin irritation



Decarboxylation of CBDA





Total Plant Complex
Total Body Support

 Systemic nervous system health
 Anti-inflammation
 Anxiety, stress, depression
 Sleep 
 Insulin sensitivity & blood sugar
Many potential applications
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 Mental Health, Stress Resilience

 Anxiety, Depression

 Chronic pain perception > sensory pain

 NeuroprotectionAlzheimer’s, Parkinson’s, 
Stroke, Trauma, Concussions

 Clinical Endocannabinoid Deficiency:   
Fibromyalgia, Migraines, IBS

 Metabolic Health, Appetite Control 

 Balm for muscle and joint discomfort

Refined Hemp Extract
Neurogenic Support



CBD: Mechanisms of Action

• CBD has little affinity for CB1R and CB2R
• CBD blocks FAAH keeping 

anandamide around longer

X





Cannabinoids and Mental Health
• CBD is emerging as potential treatment for:

• Depression

• Psychosis

• Addictive behavior

• Anxiety disorders

• PTSD and TBI
Cannabidiol: Pharmacology and potential therapeutic role in epilepsy and other 

neuropsychiatric disorders. Devinsky, et al. Epilepsia 55(6): 791–802



CBD as an Antidepressant

• Study results demonstrate that CBD 
exerts fast and maintained
antidepressant-like effects

• 5-HT1A receptor-dependent mechanism

• CBD significantly enhanced serotonin and 
glutamate levels

Cannabidiol induces rapid-acting antidepressant-like effects and enhances cortical 5-HT/glutamate 
neurotransmission: role of 5-HT1A receptors. Linge et al. Neuropharmacology. 2016 Apr;103:16-26.



“Results showed a single dose of CBD dose-
dependently induced antidepressant-like effect in… 

30 minutes following treatment. …These effects 
may be related to rapid changes in synaptic 

plasticity…”



CBD and Anxiety Disorder

• 10 pts with generalized social anxiety disorder

• CBD significantly decreased anxiety (p<0.001) 

• Effected activity in limbic/paralimbic areas





PTSD: PCL-5 Scores 
28% Decrease over 8 Weeks 

(n=11)



75% Reduction in PTSD
Symptom Scores (n=80)



Suggested strategies include:
(Russo; 2019)

• Aerobic activity
• Anti-inflammatory, prebiotic and probiotic diet 

emphasizing saturated and monounsaturated 
and omega-3 EFAs, bioflavonoids (berries), 
fermented foods, protein and minimizing 
carbohydrates

• Supplementation with cannabis extracts 
providing THC, CBD, THCA, CBDA, caryophyllene
and other select terpenoids



• Cannabinoids are potent antioxidants that 
protect neurons from glutamate-induced 
death

• CBD>>THC had protective effect, potent 
antioxidant, reduced ROS, neurogenesis in 
the hippocampus (learning and memory)



Phytocannabinoids Pertinent to 
Neurodegenerative Disorders



My Clinical Experience with CBD

• Clinical practice focused on helping 
people recover from TBI/concussions

• Very effective for anxiety, depression
• Improves ability to focus
• Concentrated 15mg gelcaps once/twice 

a day and as needed throughout the day
• Raw CBD great for athletic recovery and 

inflammatory problems



Patient Feedback: 4.5yrs post-TBI
“I’m feeling really good overall. I 
can’t begin to tell you how life 
changing this little CBD pill has 
been for me. I am actually relaxed 
and not anxious. I’m so much 
more focused than I have been 
and get a lot done.”



Patient Feedback: Anxiety

“… those who know me know I am a 
skeptic and not easily convinced… My 
personal results [with CBD] have 
been truly life-changing – reduced 
anxiety, less aches on the tennis 
court, overall sense of calm – but 
most importantly, no side effects that 
pharmaceuticals cause.”



Summary: Cannabis/CBD
• Cannabis has a long tradition in the healing arts
• The Endocannabinoid system plays a central 

role in most biological systems
• CBD is well tolerated and has a calming effect
• Hemp CBD is a useful tool for a range of 

psychiatric disorders in the future including 
those as a result of TBI

• Good quality CBD in measured doses is 
important

• Synergistic with The Omega-3 Protocol



www.brainhealtheducation.org/newsletter



Ingredients Shown to Enhance Cognitive 
Performance and Neuroprotection for Active 
Consumers, Athletes, Military and Gamers 
Richard B. Kreider, PhD, FACSM, FISSN, FACN, FNAK
Professor & Executive Director, Human Clinical Research Facility 
Director, Exercise & Sport Nutrition Lab
Department of Health & Kinesiology
Texas A&M University



Expanding Brain Health Market 



Nutrients Shown to Enhance Cognitive Performance 
and Neuroprotection

 Stimulants

 Brain Bioenergetics 

 Neuroendocrine and Neurotransmission

 Cerebral Blood Flow

 Phytochemicals

 Neuroprotection



Stimulants and Cognitive Performance
 Caffeine 

• Cocoa [Theobroma cacao]
• Coffee [arabica, canephora, etc.] 
• Guarana 
• Kola Nut 
• Tea [Camellia sinensis; black, Chinese, green, 

and oolong] 
• Yerba mate [Ilex paraguariensis]

 Others
• Bitter Orange (Citrus Aurantium containing p-

syneprhine)
• Theacrine (1,3,7,9-tetramethyluric-acid)
• Yohimbe bark/yohimbine (Pausinystalia 

yohimbe/johimbe)
 Energy Drinks and Pre-Workout Supplements



Effect of single caffeine intake on neuropsychological functions in healthy 
volunteers: a double-blind placebo-controlled study 
Konishi et al. PLoS One. 13(10): 2018

 100 Participants were randomly assigned to receive 200-mg 
doses of caffeine or a placebo.

 30-min after administration, cognitive functions were 
evaluated via the Symbol Digit Coding Test (SDC), the 
Stroop Test (ST), the Shifting Attention Test (SAT) and the 
Four Part Continuous Performance Test (FPCPT). 

 After the cognitive function tests, driving performance was 
evaluated using a driving simulator. 

 Participants in the caffeine group had more correct 
responses on the SAT and made fewer errors.

 Participants in the caffeine group exhibited shorter times 
in the Harshbraking test.



Flavanol-rich cocoa consumption enhances exercise-induced executive function 
improvements in humans Tsukamoto et al. Nutrition. 46:90-96, 2018.

 10 men received high CF (563 mg) or low CF (38 mg) 
beverage 70 min before exercise.

 Participants performed cycling exercise at 60% of peak oxygen 
uptake for 30 min.

 The participants performed a color-word Stroop task and face-
name matching task six times throughout the experiment. 

 Executive function (EF) significantly improved immediately after 
in both conditions. 

 EF was higher after HCF consumption than after LCF 
consumption during all time periods. 

 In contrast, HCF consumption and moderate-intensity 
exercise did not improve memory function (MF).

 HCF consumption before moderate-intensity exercise could 
enhance exercise-induced improvement in EF, but not in MF. 



Comparative effect of coffee robusta and coffee arabica (Qahwa) on memory 
and attention Alharbi et al. Metab Brain Dis. 33(4):1203-10, 2018.

 300 healthy adult women were one of three different drinks: 
Coffee Robusta; Coffee Arabica; or, Water only 

 Sleepiness (sleep and clear headed scale), attention (trail 
A & B, symbol digit, letter cancellation), general cognitive 
ability (Stroop test) and memory (card test) were 
assessed.

 Coffee robusta had beneficial effects on attention, 
general cognitive ability and memory as well as higher 
but not significantly higher cognitive scores.

 Coffee Arabica had significant effects on sleepiness, 
attention, general cognitive ability and memory and it 
improved reaction time and correct responses.

 Presence of chlorogenic acids (CGA) which are found in 
less quantity in coffee robusta may explain results.



Green tea extract enhances parieto-frontal connectivity during working 
memory processing Schmidt et al. Psychopharmacology (Berl). 231(19): 3879-88, 2014.

 12 volunteers received a milk whey-based drink containing 
27.5 g of GTE or the drink with no GTE prior to and following 
functional magnetic resonance imaging.

 GTE increased the working memory induced modulation 
of connectivity from the right superior parietal lobule to the 
middle frontal gyrus. 

 The magnitude of GTE induced increase in parieto-frontal 
connectivity positively correlated with improvement in task 
performance.

 Findings provide evidence for the beneficial effect of GTE on 
cognitive functioning, in particular, on working memory 
processing at the neural system level by suggesting changes 
in short-term plasticity of parieto-frontal brain connections. 



Effects of acute administration of the hydroalcoholic extract of mate tea leaves 
(Ilex paraguariensis) in animal models of learning and memory 
Prediger et al. J Ethnopharmacol. 120(3): 465-73, 2008.

 Acute pre-training intraperitoneal or oral administration of 
Ilex paraguariensis (Yerba mate) in rats improved 
short-term social memory and facilitated step-down 
inhibitory avoidance short-term memory 1.5h after 
training. 

 Synergistic response observed with co-administration
of 'non-effective' doses of caffeine in social memory. 

 Results substantiate use of mate tea for improvement 
of cognition indicating that acute administration of Ilex 
paraguariensis differentially modulates short- and 
long-term learning and memory in rats probably 
through its antagonist's action on adenosine 
receptors.



 In a DBCPC manner; 25 apparently men and women had resting BP, HR, 12-
lead ECG, and REE measured for 10-min.

 Participants ingested a flavored placebo (P); a PWS containing 3.0 g beta 
alanine, 2 g creatine nitrate, 2 g arginine AKG, 300 mg of N-acetyl tyrosine, 270 
mg caffeine, 15 mg of Mucuna pruriens; or, the PWS with 20 mg of 
synephrine (PWS+S).

 Participants had HR, BP, REE, ECG’s, perceptions about readiness to perform, 
cognitive function (Stroop Color-Word test), BP & LP  performance (2 sets of 10 
repetitions at 70% of 1RM and 1 set to failure), and Wingate anaerobic capacity 
(WAC) sprint performance determined prior to and following exercise. 

 PWS and PWS + S ingestion promoted greater changes in REE 
responses. 

 Participants reported higher perception of optimism about performance 
and vigor and energy and there was evidence that PWS and PWS + S 
improved changes in cognitive function scores from baseline to a greater 
degree than PLA after 1 or 2 h. 

 No statistically significant differences were observed among treatments in total 
bench press lifting volume, leg press lifting volume or WAC sprint performance.

Effects of acute ingestion of a pre-workout dietary supplement with and without p-synephrine on resting 
energy expenditure, cognitive function and exercise performance Jung et al. JISSN. 14:3: 2017



The effects of TeaCrine(R) and caffeine on endurance and cognitive performance during a 
simulated match in high-level soccer players Bello et al. J Int Soc Sports Nutr. 16(1):20, 2019.

 Soccer players completed a 90-min simulated treadmill soccer 
match under four conditions (275 mg Placebo, 275 mg Theacrine, 
or 125 mg Theacrine + 150 mg caffeine). 

 Cognitive testing at halftime and end-of-game included simple 
reaction time (SRT), choice RT (CRT), and cognitive-load RT with 
distraction questions (COGRT/COGRTWrong)

 Run time-to-exhaustion (TTE) at 85% VO2max was determined 
following end-of-game cognitive testing. 

 TTE trended towards significance in Theacrine and Theacrine
+ caffeine conditions compared to placebo (P < 0.052). 

 Faster choice reaction times were seen in caffeine and Theacrine
+ caffeine compared to placebo. 

 COGRTWrong showed a significant time main effect, with better 
accuracy at end-of-game compared to halftime (P < 0.05). 

 Theacrine favorably impacts endurance and the combination 
with caffeine provides greater benefits on cognitive function 
than either supplement independently.



The effects of clonidine and yohimbine on human information processing
Halliday et al. Psychopharmacology 99(4):563-6, 1989.

 6 volunteers (18-30 yrs.) were tested in a pre-post design 
with sessions conducted at weekly intervals. 

 Participants were given a PLA (lactose), 0.2 mg clonidine, 
and 30 mg yohimbine. 

 Reaction time (RT) tasks were assessing using a stimulus 
evaluation-response selection task (SERS) and stimulus 
pre-processing RT using spatial frequency as a 
discriminative stimulus. 

 Clonidine slowed RT in both tasks.
 Yohimbine tended to speed RT, but the effects were 

significant only for the spatial frequency task on some 
analyses while not for others. 

 RTs to high spatial frequency stimuli were speeded more 
than for low spatial frequency. 

 Results suggested that yohimbine and clonidine affect 
an early pre-processing stage.



Energy Drinks and Pre-Workout Supplements
Campbell et al. JISSN 10:1, 2013

 Energy drinks (ED) and energy shots (ES) have 
become a popular pre- and post-exercise drinks 
among athletes.

 They typically contain carbohydrate (i.e., 10 – 15 
grams/100 ml or 10-15% solution), electrolytes, 
and caffeine along with nutrients purported to 
improve mental focus, attention, and/or 
alertness.

 Additionally, a number of caffeine containing pre-
workout supplements (PWS) have been 
developed which are commonly consumed as a 
drink prior to and/or during exercise. 



Acute effects of a glucose energy drink on behavioral control
Howard et al. Exp Clin Psychopharmacol. 18(6):553-61, 2010

 80 subjects were randomly assigned to consume 1.8, 3.6, 
or 5.4 ml/kg of ED, a PLA, or no drink. 

 Participants completed a behavioral control task (cued 
go/no-go task) and subjective measures of stimulation, 
sedation, and mental fatigue before and 30-min after 
ingestion of ED 

 ED doses decreased RTs on the behavioral control 
task, increased subjective ratings of stimulation and 
decreased ratings of mental fatigue. 

 Greatest improvements in RTs and subjective measures 
were observed with the lowest dose and improvements 
diminished as the dose increased. 

 ED consumption can improve cognitive performance 
on a behavioral control task. 



Positive effects of Red Bull® Energy Drink on driving performance during 
prolonged driving. Mets et al. Psychopharmacol. 214(3):737-45, 2011

 24 subjects ingested RB or a PLA after 2 h of 
simulated highway driving and then drove 2 
additional hours. 

 RB consumption improved lateral weaving during 
the 3rd and 4th hour of driving, the standard 
deviation of speed, subjective driving quality, and 
reduced mental effort to perform the test during the 
3rd hour of driving. 

 Subjective sleepiness was significantly 
decreased during both the 3rd and 4th hour of 
driving after RB ingestion. 



An evaluation of the cognitive and mood effects of an energy shot over a 6h period in 
volunteers: a randomized, double-blind, PLA controlled, cross-over study
Wesnes et al. Appetite. 67:105-13, 2013  

 This randomized, double-blind, PLA-controlled, crossover study 
compared the acute effects of the energy shot with a matching 
PLA in 94 healthy volunteers. 

 Cognitive function was assessed with a widely used set of 
automated tests of attention and memory. 

 Mood was assessed with the Bond-Lader, Beck Anxiety Index, Beck 
Depression Index, Chalder Fatigue Scales (CFS), and POMS. 

 The volunteers were requested to limit their sleep to between 3 and 
6h the night before each testing day. 

 Compared to the PLA, the energy shot significantly improved 6 
validated composite cognitive function measures from the 
CDR System as well as self-rated alertness

 Benefits on 4 of the cognitive measures remained for 6h. 



Cognitive and physiological effects of an “energy drink”: an evaluation of the 
whole drink and of glucose, caffeine and herbal flavouring fractions
Scholey & Kennedy.  Psychopharmacol.  176:320-330, 2004

 20 subjects ingested 250 ml of a PLA or drinks 
containing glucose (37.5 g), caffeine (75 mg), 
ginseng (12.5 mg), and ginkgo biloba (2 mg) 
together and independently.

 Cognitive, psychomotor, and mood assessments were 
obtained 30-min after consuming drinks.

 Whole drink increased performance of secondary 
memory and speed of attention factors.  

 Results were additive suggesting synergistic effects 
of consuming glucose and caffeine.



 RT males (N=80) were randomly assigned to 
supplement their diet in a DBPC manner with a PLA; a 
PWS containing beta alanine (3 g), creatine nitrate (2 
g), arginine alpha-ketoglutarate (2 g), N-Acetyl-L-
Tyrosine (300 mg), caffeine (284 mg), Mucuna pruiriens
(15 mg L-Dopa); or, the PWS with Citrus aurantium 
(PWS+S) (20 mg p-synephrine) for 8-weeks.

 There was some evidence that cognitive function 
and 1RM strength were increased to a greater 
degree in the PWS and/or PWS + S groups after 4-
and/or 8-weeks.  

 Effects were similar to PLA responses after 8-weeks of 
supplementation and inclusion of synephrine did not 
promote additive benefits.

Effects of ingesting a pre-workout dietary supplement with and without synephrine 
for 8- weeks on training adaptations in resistance-trained males 
Jung et al. JISSN. 14:1, 2017



Nutrients and Brain Bioenergetics

 Creatine

 Guanidinoacetic Acid

 S-Adenosyl Methionine

 Citicoline



Beyond muscle: the effects of creatine supplementation on brain creatine, 
cognitive processing, and traumatic Brain Injury 
Dolan, Gualano, Rawson. Eur J Sport Sci. Epub: August 9, 2018

Panel A: Acute stressors (e.g. sleep deprivation, exhaustive 
exercise, acute hypoxia, cognitively demanding tasks or mTBI
can cause a reduction in brain creatine, thus impacting brain 
function). Preventive supplementation creates a ‘reserve’ of 
brain creatine, protecting against the reduction caused by 
anticipated acute stressors, facilitating maintenance of usual 
brain function. 

Panel B: Some conditions are associated with chronically 
reduced brain creatine, e.g. cerebral creatine deficiency 
syndromes, depression, schizophrenia or senescence. 
Therapeutic creatine supplementation restores brain creatine 
content, facilitating recovery of usual brain function.



 15 healthy adults were supplemented with CrM and 
placebo (20 g/d) for 7 d.

 CrM increased brain creatine on average by 9.2%. 
 A hypoxic gas mixture (10% oxygen) was administered 

for 90 min, causing global oxygen deficit and impairing a 
range of neuropsychological processes. 

 Hypoxia-induced decrements in cognitive 
performance, specifically attentional capacity, were 
restored when participants were CrM supplemented, 
and corticomotor excitability increased. 

 Dietary CrM supplementation augments neural 
creatine, increases corticomotor excitability, and 
prevents the decline in attention that occurs during 
severe oxygen deficit.

 CrM provides neuroprotection when cellular energy 
provision is compromised.

Creatine supplementation enhances corticomotor excitability and cognitive 
performance during oxygen deprivation Turner et al. J Neurosci. 35(4):1773-80, 2015



Creatine & Cognitive Function
Reference Population Studied Design Dosage Findings

McMorris et al. (2006) 20 Health men and women DBPCPG 19 g/d CrM, 7-d ↓ in performance with sleep deprivation was attenuated with CrM for 
random movement generation, choice RT, balance and mood.

McMorris et al. (2007) 20 Healthy young sleep 
deprived men and women

DBPCPG 20 g/d CrM, 7-d Performance on the random number generation test was improved 
with CrM

McMorris et al. (2007) 32 Healthy elderly men and 
women

DBPCPG 21 g/d CrM, 7-d Number recall, spatial recall,  and long-term memory (photo recall) ↑ 
with CrM

Rawson (2008) 21 young health men and 
women

DBRPCPG 0.03 g/kg/d CrM, 6-wks NS effects on cognitive performance

Ling et al. (2009) 47 Healthy young men and 
women

DBPCPG 5 g/d Cr ethyl ester, 15-d Some ↑ in all  cognitive tests with CrE

Hammett et al. (2010) Healthy young adults PCPG 20 g/d CrM 5-d, 5 g/d 2-d ↑ backward digit span performance (26.9%), NS ↑ in RAPM (9.6%), 
fMRI amplitude ↓ (16%) with Cr

Benton and Donohoe (2011) 182 healthy females students 
(Vegan, Meat Eaters, Control)

DBRPCPG 20 g/d, 5-d CrM Word recall ↓ ME, ↑ Vegan with Cr, Cr  better maintained  pre- post 
performance

Cook et al. (2011) Sleep deprived Rugby Players BRPCRM 50 or 100 mg/kg BW CrM, 
1-d

Cr reversed sleep deprived reduction in passing accuracy.  > 100 
mg/kg

Alves et al. (2013) 45 healthy older women DBRPCPG 20 g/d 5-d CrM, 5 g/d 24 
wks

NS - cognitive performance

Rae and Broer (2015) 45 healthy young vegan men 
and women

DBRPCCO 5 g/d CrM, 6-wks CrM ↑ performance on the RAPM test  under time pressure, and  
digit span task.

Turner et al. (2015) 15 Healthy male and females 
exposed to hypoxia

DBRPCCO 20 g/d CrM, 7-d, 5-wk 
washout between trials

Brain [Cr] ↑.  CrM offset hypoxia-induced ↓ in  cognitive tests, 
particularly complex attention.

Merege-Filho et al. (2017) 72 Healthy male and female 
children (10-12 yrs)

DBRPCPG 0.3 g/kg/d, 7-d Cognitive function and brain creatine levels were not influenced by 
CrM

Dolan, Gualano, Rawson. Eur J Sport Sci. Epub: August 9, 2018



Creatine – GAA Pathway

da Silva. 2009.



 In this randomized, double-blind, crossover 
trial, healthy men (n=5) were supplemented 
with GAA or creatine for 4-weeks. 

 GAA (3.0 g/day) resulted in a more 
powerful rise (up to 16.2%) in tissue 
creatine levels in vastus medialis muscle, 
middle-cerebellar peduncle, and paracentral 
grey matter, as compared with creatine (P < 
0.05). 

 These results indicate that GAA as a 
preferred alternative to creatine for 
improved bioenergetics in energy-
demanding tissues.

Guanidinoacetic acid versus creatine for improved brain and muscle creatine 
levels: a superiority pilot trial in healthy men
Ostojic et al. Appl Physiol Nutr Metab. 41(9):1005-7, 2016



 Volunteers were supplemented daily with 36 mg/kg of GAA 
for the first 4 wk of the intervention; afterward GAA dosage 
was titrated ≤60 mg/kg GAA daily. 

 At baseline, 4, and 8 wk, the participants underwent brain 
MRS. 

 Brain creatine levels increased in similar fashion in 
cerebellum, and white and gray matter after GAA 
supplementation, with an initial increase of 10.7% 
reported after 4 wk, and additional upsurge (7.7%) from 
the weeks 4 to 8 follow-up (P < 0.05). 

 GAA induced an increase in N-acetylaspartate levels at 8-
wk follow-up in all brain areas evaluated (P < 0.05). 

 No participants reported any neurologic adverse event 
(e.g., seizures, tingling, convulsions) during the 
intervention.

Dietary guanidinoacetic acid increases brain creatine levels in healthy men 
Ostojic et al. Nutrition. 33:149-156, 2017



 12 subjects ingested 1600 mg/d of oral S-adenosyl-L-
methionine. 

 Phosphorus spectra and transverse relaxation time were 
acquired at baseline and after treatment using a 1.5 Tesla 
scanner. 

 PCr levels were significantly higher after treatment, 
whereas beta nucleoside triphosphate levels, predominantly 
adenosine triphosphate in brain, were significantly lower after 
treatment. 

 Alterations in phosphocreatine and beta nucleoside 
triphosphate are consistent with the report that S-adenosyl-L-
methionine is involved in the production of creatine, 
which in turn is phosphorylated to PCr using adenosine 
triphosphate. 

S-adenosyl-L-methionine: effects on brain bioenergetic status and transverse 
relaxation time in healthy subjects Silveri et al. Biol Psychiatry. 54(8):833-9, 2003
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Metabolic Role of Citicoline

https://www.neuraxpharm.it/en/vivifast-more-info-a/



 Phosphorus (31P) metabolite data were acquired using a 3D 
chemical-shift imaging protocol at 4 T from 16 healthy men and 
women who orally self-administered 500 mg or 2,000 mg 
Cognizin Citicoline for 6 weeks.

 Significant increases in phosphocreatine (+7%), beta-
nucleoside triphosphates (largely ATP in brain, +14%) and 
the ratio of phosphocreatine to inorganic phosphate (+32%),
as well as significant changes in membrane phospholipids, 
were observed in the anterior cingulate cortex after 6 weeks of 
citicoline treatment. 

 Citicoline improves frontal lobe bioenergetics and alters 
phospholipid membrane turnover. 

 Citicoline supplementation may therefore help to mitigate 
cognitive declines associated with aging by increasing 
energy reserves and utilization, as well as increasing the 
amount of essential phospholipid membrane components 
needed to synthesize and maintain cell membranes.

Citicoline enhances frontal lobe bioenergetics as measured by phosphorus 
magnetic resonance spectroscopy Silveri et al. NMR Biomed. 21:1066-75, 2008



Nutrients Influencing Neuroendocrine Function and 
Neurotransmission

 Choline

 Ginkgo Biloba

 Betaine

 Stachys sieboldii

 Taurine

 Tyrptophan



 Rats received tap water (control) and choline bitartrate, 
at the dose equivalent to adequate intake for 5-wks. 

 Behavioral analysis comprising assessment of cognitive 
performance (by novel object recognition, passive 
avoidance and Morris Water Maze test) and locomotor 
performance (by Open field, Kondziela's inverted screen 
and beam walking test) were performed. 

 Results showed that chronic choline administration 
significantly improves cognitive and locomotor 
performance accompanied by a reduction in oxidative 
stress, enhanced cholinergic neurotransmission and 
monoamine levels in the brain of healthy adult rats. 

 Choline can be used as a safe and effective supplement 
for improving the neurological health of normal individuals 
and that they might also be beneficial in preventing 
cognitive and motor disorders later in life.

Chronic choline supplementation improves cognitive and motor performance 
via modulating oxidative and neurochemical status in rats
Tabassum et al. Pharmacol Biochem Behav. 159: 90-99, 2017



 24 male participants following a single low (500mg) and 
moderate (1000mg) dose of CDP-choline. 

 Relative to placebo, CDP-choline improved 
processing speed, working memory, verbal learning, 
verbal memory, and executive function in low 
baseline performers, while exerting no effects in 
medium baseline performers, and diminishing 
cognition in high baseline performers. 

 Dose effects varied with cognitive domain but were 
evident with both the 500mg and 1000mg doses. 

 These preliminary findings of cognitive enhancement 
in relatively impaired performers are consistent with 
the alpha7 receptor mechanism and support further 
trials with CDP-choline as a potential pro-cognitive 
strategy for cognitive impairment in schizophrenia.

Neurocognitive effects of acute choline supplementation in low, medium and 
high performer healthy volunteers Knott et al. Pharmacol Biochem Behav. 131: 119-29, 2015



 This study investigated the effect of Ginkgo Synergy plus Choline (n 
= 33) and OPC Synergy plus Catalyn (n = 31) versus PLA (n = 33) 
in a 6-month, randomized, double-blind trial on cognitive and immune 
functioning among older adults. 

 On the Trail Making Test-B, Ginkgo Synergy plus Choline showed 
improvement from baseline to 3 months follow-up. 

 On the Controlled Oral Word Association Trial-S, the scores 
significantly increased for the Ginkgo Synergy plus Choline arm 
from baseline to 6 months follow-up and for the OPC Synergy plus 
Catalyn arm from baseline to 3 months follow-up. 

 Epidermal growth factor significantly decreased from baseline to 6 
months follow-up for the Ginkgo Synergy plus Choline arm.

 Results showed isolated and modest effects of a Ginkgo biloba
plus choline-based formula on cognitive and immune functioning 
among healthy older adults with no history of significant cognitive 
deficits. 

A double-blind, randomized clinical trial of dietary supplementation on 
cognitive and immune functioning in healthy older adults
Lewis et al. BMC Complement Altern Med. 14: 43, 2014



 195 participants were randomized to receive daily oral capsules 
with either 1000 microg cobalamin (vitamin B12), or 1000 microg
cobalamin plus 400 microg folic acid, or PLA for 24 weeks. 

 Cognitive function, including domains of attention, construction, 
sensomotor speed, memory and executive function, was 
assessed before and after 24 weeks of treatment. 

 At baseline, elevated plasma homocysteine was associated with 
lower performance of attention, construction, sensomotor speed 
and executive function. 

 Betaine was positively associated with better performance of 
construction, sensomotor speed and executive function.

 Elevated concentrations of methionine were positively 
associated with sensomotor speed. 

 Participants with the largest increases in betaine 
concentrations showed a borderline significant (P = 0.07) 
higher memory performance.

The association of betaine, homocysteine and related metabolites with 
cognitive function in Dutch elderly people Eussen et al. Br J Nutri. 98(5): 960-8, 2007



 Cholinergic dysfunction, impaired brain-derived neurotrophic factor 
and cAMP response element binding protein (BDNF-CREB) 
signaling are major pathological hallmarks of cognitive impairment. 

 33-d of SS supplementation improved scopolamine-induced 
memory impairment symptoms in Morris water and Y-maze 
test. 

 SS reduced the acetylcholineesterase activity and increased 
brain acetylcholine and cholineacetyltransferase activity. 

 SS regulated the mRNA expression level of neuronal plasticity 
molecules such as (nerve growth factor) NGF, BDNF, CREB, and 
its downstream molecules such as Bcl-2 and Egr-1. 

 SS acts on synaptic/extrasynaptic GABAA receptors. 
 SS may function in a way that is similar to nootropic drugs by 

inhibiting cholinergic abnormalities, and neuronal apoptosis 
targets and ultimately increasing the expression of BDNF-
CREB.

Stachys sieboldii extract supplementation attenuates memory deficits by 
modulating BDNF-CREB and its downstream molecules, in animal models of 
memory impairment Ravichandran et al. Nutrients. 10(7): E917, 2017



 48 elderly women (age, 84 +/- 7 years) participated in a 
14-wk exercise program (2/wk) and were allocated into 
combined exercise training (CET), TAU (1.5 g/d) 
supplementation, CET + TAU, or control groups. 

 Neuron specific enolase levels increased in TAU group. 
 Training reduced TNF-alpha, IL-6, and IL-1beta/IL-1ra, IL-

6/IL10, and TNF-alpha/IL-10 ratios. 
 TAU decreased the IL-1beta/IL-1ra ratio. 
 Mini mental state examination (MMSE) score 

increased only in the CET+TAU group. 
 Multiple regression analysis showed that there was a trend 

for changes in IL-1beta and the Charlson Comorbidity 
Index to be independently associated with changes in 
S100beta. 

 Exercise and taurine decreased inflammation, and 
maintained the BBB integrity in elderly women. 

Exercise and taurine in inflammation, cognition, and peripheral markers of 
blood-brain barrier integrity in older women 
Chupel et al. Appl Physiol Nutr Metab. 43(7): 733-41, 2018



 59 women (45-65 yrs) received 2 x 0.5 g of PLA or TRYP for 19 d. 
 Emotional processing was significantly changed by TRYP exhibiting 

a shift in bias away from negative stimuli. 
 Affective Go/No-Go Task exhibited a slowing of responses to negative 

words, suggesting reduced attention to negative emotional stimuli. 
 Facial Emotional Expression Rating Task also supported a shift away 

from attention to negative emotions and a bias towards happiness. 
 An increase in arousal-like symptoms, labelled 'high energy', 

shorter reaction times and a slight benefit to sustained attention 
were observed in the treated subjects. 

 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 Trp may have beneficial effects on emotional and 
cognitive functions.

Chronic treatment with a tryptophan-rich protein hydrolysate improves 
emotional processing, mental energy levels and reaction time in middle-
aged women Mohajeri et al. B J Nutri. 113(2): 350-651, 2015



Nutrients Affecting Cerebral Blood Flow

 Nitrates

 Arginine

 Flavanone-rich Citrus Juice

 Blueberry Extract

 Resveratrol



 10 healthy young-adult African-American women were studied at 40% 
and 80% of their predetermined peak oxygen consumptions. 

 The subjects ingested nitrate-free OJ (control) and an isocaloric BJ 
beverage (1.5 mg/mL nitrate, 220 Cal) 1-2 weeks apart. 

 BJ treatment increased blood NO and decreased systolic BP at rest 
and at the two levels of exercise. 

 The BJ treatment decreased Cerebral Augmentation Index (CAIx) at 
the two levels of exercise (from 79 +/- 2% to 62 +/- 2% and from 80 +/-
2% to 60 +/- 3%, p<0.05). 

 Exercise increased TCD-measured resistance and pulsatility indices (RIx, 
PIx) without changing Aix while BJ had no effect on RIx and PIx. 

 Decreased CAIx associated with aerobic exercise reflects the 
change in cerebral haemodynamics resulting from dietary nitrate 
supplementation. 

Effects of a dietary beetroot juice treatment on systemic and cerebral 
haemodynamics - a pilot study Curry et al. J Clin Diagn Res. 10(7): CC01-5, 2016



 10 males rested and performed exercise twice at moderate 
(~3,000 m) and  very-high (~4,300 m) simulated altitude. 

 Participants ingested either 140 ml concentrated BRJ or nitrate 
deplete PLA 2 h before each trial. 

 BRJ enhanced 3 km TT performance relative to PLA by 3.8%
[1,653.9 (261.3) vs. 1718.7 (213.0) s] and 4.2% [1,809.8 (262.0) 
vs. 1,889.1 (203.9) s] at 3,000 and 4,300 m, respectively. 

 The number of false alarms during the Rapid Visual Information 
Processing Task tended to be lower with BRJ compared with PLA 
prior to altitude exposure (p = 0.056). 

 BRJ improves physiological function and exercise 
performance, but not cognitive function, at simulated 
moderate and very-high altitude.

Effects of dietary nitrate supplementation on physiological responses, 
cognitive function, and exercise performance at moderate and very-high 
simulated altitude Shannon et al. Front Physiol. 8: 401, 2017



 16 male team-sport players received nitrate-rich and depleted 
BRJ (140 ml/d) for 7 days. 

 On day 7, subjects completed an intermittent sprint test (two 40-
min "halves" of repeated 2-min blocks consisting of a 6-s "all-out" 
sprint, 100-s active recovery and 20 s of rest) on a cycle 
ergometer during which cognitive tasks were simultaneously 
performed. 

 Total work done during the sprints of the IST was greater in 
BR (123 +/- 19 kJ) compared to PL (119 +/- 17 kJ; P < 0.05). 

 Reaction time of response to the cognitive tasks in the 
second half of the IST was improved in BR compared to PL 
(BR first half: 820 +/- 96 vs. second half: 817 +/- 86 ms; PL first 
half: 824 +/- 114 vs. second half: 847 +/- 118 ms; P < 0.05). 

 Daily BRJ enhanced repeated sprint performance and may 
attenuate the decline in cognitive function (and specifically 
reaction time) that may occur during prolonged intermittent 
exercise.

Dietary nitrate improves sprint performance and cognitive function during 
prolonged intermittent exercise Thompson et al. Eur J Appl Physiol. 115(9):1825-34, 2015 



 The NO synthase inhibitor L-NMMA or PLA were infused on 
separate days to examine the influence of NO on CBF and 
pressure in younger and older volunteers.  

 Basal CBF was significantly lower in old compared to young 
subjects (590+/-20 vs 704+/-20 ml/min), while the cerebral 
vascular resistance (CVR) levels were significantly higher 
(0.15+/-0.01 (arbitrary units) vs 0.12+/-0.01, respectively). 

 Infusion of L-NMMA significantly increased mean arterial 
pressure in both groups (2.8+/-1.2 mmHg; p=0.02 in the young 
and in the old subjects 5.6+/-1.1 mmHg; p<0.001). 

 Infusion of L-NMMA significantly decreased CBF (49+/-12 
ml/min; p<0.001) and increased CVR (0.02+/-0.004; p<0.001) in 
the old subjects but did not significantly influence cerebral 
circulation in the young subject.

 Compared to young subjects, in old people CBF is 
impaired, and dependent on the intactness of the nitric 
oxide pathway.

Basal cerebral blood flow is dependent on the nitric oxide pathway in elderly 
but not in young healthy men Kamper et al. Exp Gerontol. 39(8):1245-8, 2004



 Inositol-stabilized arginine silicate (ASI; Nitrosigine®) has been 
reported to increase levels of arginine, silicon and NO production. 

 ASI (1500 mg/day) was tested in two double-blind placebo-
controlled crossover studies using the Trail Making Test (A and B). 

 In the first study, after 14 days of dosing, TMT B time decreased 
significantly from baseline (28% improvement, p = 0.045). 

 In the second study evaluating shorter-term effects, TMT B time 
decreased significantly compared to placebo (33% 
improvement, p = 0.024) in a 10-min period. 

 After 3 days of dosing, TMT B time significantly decreased from 
baseline scores (35% improvement, p < 0.001). 

 These findings show that ASI significantly improved the ability 
to perform complex cognitive tests requiring mental flexibility, 
processing speed and executive functioning.

Randomized prospective double-blind studies to evaluate the cognitive 
effects of inositol-stabilized arginine silicate in healthy physically active adults 
Kalman et al. Nutrients. 8:(11), 2016



 24 participants ingested ASI (1,500 mg) or placebo 30 min prior to 
a maximal TB performance. 

 A Trail Making Test (TMT) was used to measure cognitive function 
prior to dosing and immediately after exercise. 

 The time to complete the TMT measured mental acuity, focus and 
processing speed, with an increase in time indicating a decrease in 
cognitive function, and a decrease in time indicating an 
improvement in cognitive function.

 ASI significantly improved cognitive function parameters of 
mental acuity, focus and processing speed after intense 
exercise, compared to placebo (p ≤ 0.05). 

 Following exercise, time to complete TMT-A and TMT-B 
increased by a significant 51% and 11% respectively in the 
placebo group, while it decreased by 5% for TMT-A and 7% for 
TMT-B when participants consumed an acute dose of ASI (p ≤ 
0.05).

An evaluation of the effects of inositol-stabilized arginine silicate (ASI; 
Nitrosigine®) in preventing the decline in cognitive function caused by 
strenuous exercise Evans et al. J Int Soc Sports Nutri. 15:(A50), 2018



A prospective study evaluating the effects of a nutritional supplement intervention 
on cognition, mood states, and mental performance in video gamers
Tartar et al. Nutrients. In review, 2019

 60 men and women who spent ≥ 5 hrs/wk playing video games were 
randomly assigned to take supplement (nooLVL® containing 1500 mg 
ASI + 100 mg of inositol) or placebo for 7 days. 

 On day 1 and 7, subjects completed the Trail Making Test (Parts A and 
B); Stroop Test; and POMS questionnaire prior to (0), following 15-min 
ingestion, and following 60-min of gaming.  

 Self-reported energy levels increased, anger decreased, and TMT-B 
test errors decreased in the supplement group compared to placebo. 

 Fatigue, TMT-B time, and TMT B-A score improved in the 
supplement group compared to baseline. 

 After 60 min of gaming, supplementation decreased Stroop Test 
errors and TMT-A time. 

 These data indicate that ASI + inositol may improve eSport gamers 
accuracy, decision making, and reaction time during gaming.



The effects of flavanone-rich citrus juice on cognitive function and cerebral blood flow: an 
acute, randomised, placebo-controlled cross-over trial in healthy, young adults
Lamport et al. Br J Nutri. 116(12):2160-68, 2016

 An acute, single-blind, randomized, cross-over design was applied 
with two 500-ml drink conditions - high-flavanone (HF; 70.5 mg) 
drink and matched, zero-flavanone control. 

 24 healthy adults underwent cognitive testing at 0 & 3 hr after 
consumption high (70.5 mg) or no (0 mg) flavone drinks while 16 
young adults had fMRI at baseline and 2 & 5 h after drink. 

 HF drink ingestion increased regional perfusion in the inferior 
and middle right frontal gyrus at 2 h from baseline and relative 
to control. 

 The HF drink improved performance on the Digit Symbol 
Substitution Test at 2 h from baseline and relative to control 
drink.

 Consumption of flavanone-rich citrus juice can acutely 
enhance blood flow to the brain in healthy, young adults.



Enhanced task-related brain activation and resting perfusion in healthy older adults after 
chronic blueberry supplementation Bowtell et al. Appl Physiol Nutr Metab. 42(7):773-79, 2017

 Healthy older adults (68 yrs) were randomised to consume either 30 
mL BB (387 mg anthocyanidins) or PLA for 12-wks. 

 Participants undertook pre- and post cognitive function tests and a 
numerical Stroop test within a 1.5T MRI scanner while functional 
MRS images were continuously acquired. 

 Significant increases in brain activity were observed with BB 
compared to PLA within Brodmann areas 4/6/10/21/40/44/45, 
precuneus, anterior cingulate, and insula/thalamus as well as in 
grey matter perfusion in the parietal and occipital lobes. 

 There was also evidence suggesting improvement in working 
memory (2-back test). 

 Supplementation with an anthocyanin-rich blueberry 
concentrate improved brain perfusion and activation in brain 
areas associated with cognitive function in healthy older adults.



Pomegranate juice augments memory and FMRI activity in middle-aged and older adults 
with mild memory complaints Bookheimer et al. Evid Based Complement Alternat Med. 946298, 2013

 28 participants were randomly assigned to drink 8 oz. 
of either PJ or a flavor-matched PLA drink for 4-wks. 

 Subjects received memory testing, fMRI scans during 
cognitive tasks, and blood draws for peripheral 
biomarkers before and after the intervention. 

 After 4 weeks, only the PJ group showed a 
significant improvement in the Buschke selective 
reminding test of verbal memory and a significant 
increase in plasma trolox-equivalent antioxidant 
capacity (TEAC) and urolithin A-glucuronide. 

 Compared PLA, the PJ group had increased fMRI 
activity during verbal and visual memory tasks. 

 PJ augmented memory function through task-
related increases in functional brain activity.



Acute resveratrol supplementation improves flow-mediated dilatation in overweight/obese 
individuals with mildly elevated blood pressure Wong et al. Nutr Metab Cardiovasc Dis. 21(11):851-6, 2011

 14 overweight/obese men or post-menopausal women with 
untreated borderline hypertension consumed three doses of 
resveratrol (resVida 30, 90 and 270 mg) and a PLA at weekly 
intervals in a double-blind, randomized crossover manner. 

 1-hr later, plasma resveratrol and FMD were measured. 

 There was a significant dose effect of resveratrol on plasma 
resveratrol concentration (P < 0.001) and on FMD (P < 0.01), 
which increased from 4.1 +/- 0.8% (placebo) to 7.7 +/- 1.5% 
after 270 mg resveratrol. 

 FMD was also linearly related to log(10) plasma resveratrol 
concentration (P < 0.01). 

 Results may contribute to the purported cardiovascular 
health benefits of grapes and red wine.



Chronic resveratrol consumption improves brachial flow-mediated dilatation in 
healthy obese adults Wong et al. J Hypertens. 31(9):1819-27, 2013

 28 obese y adults were randomized to take a single 75 mg/d 
capsule of trans-resveratrol (Resvida) or PLA for 6-wks.

 Blood pressure, arterial compliance, FMD, and performance on 
the Stroop Color-Word Test were assessed at the end of each 6-
week intervention.

 An additional capsule of the same supplement was then taken. 
FMD assessment was repeated 1 h later. 

 Chronic resveratrol supplementation resulted in a 23% 
increase in FMD compared with placebo.

 A single dose of resveratrol (75 mg) following chronic 
resveratrol supplementation resulted in a 35% greater acute 
FMD response than PLA.  

 Blood pressure, arterial compliance, and all components of the 
Stroop Color-Word Test were unaffected.



Phytochemicals and Cognitive Performance

 Phenolics & Polyphenols
 Flavonoids

 Chalcones
 Flavanones

 Flavones
 Flavonols
 Isoflavones
 Flavanols

 Catechin
 Epicatechin

 Anthocyanins

 Terpines
 Alkaloids

Kennedy, D.O. Sports Med. 49:39-58, 2019



Role of Polyphenols
 Antioxidants
 Cellular Signal Transduction

 Protein-kinase and lipid-kinase signaling
 Mitogen-activated protein kinase (MAPK)

 Phosphatidylinositide 3-kinase/protein kinase B 
(PI-3K/PKB)]

 Ubiquitous energy-regulating target of rapamycin 
(TOR)

 Modulating the activity of transcription factors [e.g. 
nuclear factor kappa-B (NF-kB) or cAMP response 
element-binding protein (CREB)]

 Synthesis of growth factors and inflammatory 
molecules such as ‘induced’ nitric oxide synthase 
(iNOS), cytokines and cyclo-oxygenase-2 (COX-2)

Kennedy, D.O. Sports Med. 49:39-58, 2019



Role of Polyphenols
 Role of Signal Transduction Effects in Brain Function

 Neurotransmitter receptor interactions; 

 Synthesis of the neurotrophins that are integral to 
synaptic plasticity; 

 Interactions with the ‘receptor tyrosine kinase’ 
membrane receptors that transduce neurotrophin
signals and their signaling cascades. 

 Interactions within kinase and TOR signaling pathways 
also modulate the synthesis of the vasodilatory
molecule nitric oxide, leading to an increase in local 
cerebral blood flow, which in turn fosters 
angiogenesis/neurogenesis.

 Attenuate the inflammation and oxidative stress related 
to brain injury.

Kennedy, D.O. Sports Med. 49:39-58, 2019



Cognitive and mood improvements following acute supplementation with purple 
grape juice in healthy young adults Haskell-Ramsay et al. Eur J Nutr. 56(8):2621-31, 2017

 This randomized, placebo-controlled, double-blind, 
counterbalanced-crossover study, assessed the effects 
of 230 ml purple grape juice or sugar-matched 
control in 20 healthy young adults. 

 Computerized measures of episodic memory, working 
memory, attention and mood were completed at 
baseline and following a 20-min absorption period. 

 Purple grape juice significantly improved reaction 
time on a composite attention measure (p = 0.047) 
and increased calm ratings (p = 0.046) vs PLA. 

 Order effects also indicated an enduring positive effect 
on pre-dose memory reaction time (p = 0.018) and post-
dose calm ratings (p = 0.019) when purple grape was 
consumed first. 



Flavonoid-rich orange juice is associated with acute improvements in cognitive 
function in healthy middle-aged males Alharbi et al. Eur J Nutr. 55(6):2021-9, 2016

 Males aged 30-65 consumed a 240-ml FR orange juice (272 
mg) and a calorie-matched PL for 2-days in a randomized, 
double-blind, counterbalanced order with a 2-week washout. 

 Cognitive function and subjective mood were assessed at 
baseline (prior to drink consumption) and 2 and 6 h post 
consumption. 

 Performance on tests of executive function and 
psychomotor speed was significantly better following the 
FR drink compared to the placebo. 

 The effects of objective cognitive function were supported by 
significant benefits for subjective alertness following the FR 
drink relative to the placebo. 



Concord grape juice, cognitive function, and driving performance: a 12-wk, placebo-
controlled, randomized crossover trial in mothers of preteen children 
Lamport et al. Am J Clin Nutr. 103(3):775-83, 2016

 25 healthy mothers (aged 40-50 y) of preteen children consumed 12 oz. 
(355 mL) of either CGJ (containing 777 mg total polyphenols) or a 
PLA daily for 12-wks in a crossover design with a 4-wk washout. 

 Verbal and spatial memory, executive function, attention, blood pressure, 
and mood were assessed at 0, 6 and 12 wk. 

 Immediately after the cognitive battery, a subsample of 17 women 
completed a simulated driving performance assessment. 

 The 25-min driving task required participants to match the speed and 
direction of a lead vehicle. 

 Significant improvements in immediate spatial memory and driving 
performance were observed after CGJ relative to placebo. 

 There was evidence of an enduring effect of CGJ such that participants 
who received CGJ in arm 1 maintained better performance than PLA. 



Nutrients and Neuroprotection

 Creatine 

 Citicoline

 Omega 3-Fatty Acids



Potential for use of creatine supplementation following mild traumatic brain injury
Dean et al. Concussion. CNC34, 2017

The neurometabolic cascade after 
mTBI, and its overlap with creatine
biology (in red). (A) How diffuse injury 
after mTBI results in large-scale 
membrane depolarisation (a ‘spreading 
depression’-like state), reduced blood 
flow and increased intracellular 
calcium. (B) The generalised cellular 
energy crisis, where large amounts of 
ATP are required to repolarise the 
membranes and counteract the 
‘spreading depression’-like state. This 
occurs in a low oxygen environment, 
with dysfunctional mitochondria (due to 
calcium sequestering), resulting in 
increased glycolysis and lactic acid 
formation, along with increased 
oxidative stress and potential formation 
of mPTP. (C) The secondary effects of 
increased intracellular calcium. Red 
boxes and arrows indicate the role and 
influence of creatine within mTBI
neuropathology.

https://www.futuremedicine.com/doi/pdf/10.2217/cnc-2016-0016



 Adult ICR mice (40) and adult Sprague-Dawley rats (24) 
underwent controlled cortical contusions that mimick
human closed-head injury.

 Animals received daily injections of CM or olive oil for 1, 3, 
and 5-days before injury.  

 CM ameliorated the extent of cortical damage by as much 
as 36% in mice and 50% in rats. 

 Protection related to creatine-induced maintenance of 
mitochondrial bioenergetics. Mitochondrial membrane 
potential was significantly increased, intra-mitochondrial levels 
of ROS and calcium were significantly decreased, and ATP 
levels were maintained. 

 Creatine may be useful as a neuroprotective agent against 
acute and delayed neurodegenerative processes.

Dietary supplement creatine protects against traumatic brain injury 
Sullivan et al. Ann Neurol. 48(5):723-9, 2000



 Six-day-old rats received subcutaneous CrM injections 
for 3-d (3 g/kg body weight/day), followed by MRS. 

 In a second group, rats received the same Cr dose as 
above for 3 days prior to unilateral common carotid 
artery ligation followed by 100 min of hypoxia (8% O2). 

 Cr supplementation for 3 days significantly increased 
brain energy potential (i.e., the ratio of PCr/betaNTP and 
PCr/Pi) as measured by 31P-MRS. 

 Rats with cerebral hypoxic-ischemic insult that received 
Cr showed a significant reduction (25%) of the volume 
of edemic brain tissue vs. controls.  

 Prophylactic Cr supplementation demonstrated a 
significant neuroprotective effect 24 h after transient 
cerebral HI. 

Neuroprotection of creatine supplementation in neonatal rats with transient 
cerebral hypoxia-ischemia  Adcock et al. Dev Neurosci. 24(5):382-8-59, 2002



ISSN Position Stand

“These findings provide strong evidence that 
creatine supplementation may limit damage 

from concussions, TBI, and/or SCI.”

“…government legislatures and sport 
organizations who restrict and/or discourage 

use of creatine may be placing athletes at 
greater risk—particularly in contact sports 

that have risk of head trauma and/or 
neurological injury thereby opening 

themselves up to legal liability.”
https://jissn.biomedcentral.com/articles/10.1186/s12970-017-0173-z



 Focal brain ischemia was produced in Fischer rats by occluding both 
the common carotid and middle cerebral arteries. 

 Citicoline (0.5, 1 and 2 g/kg i.p. administered 1 h before the 
occlusion) produced a reduction of the infarct size measured at 
striatum by 18%, 27% and 42% inhibition, respectively, 
compared to 5% in control ischemia.

 Response correlated with an increase in glutamate.  
 Citicoline also inhibited ischemia-induced decrease in cortical 

and striatal ATP levels.
 Incubation of cultured rat cortical neurones with citicoline (10 and 

100 microM) prevented OGD-induced LDH and glutamate release 
and caused a recovery in ATP levels after OGD.  

 Citicoline increased glutamate uptake and in EAAT2 glutamate 
transporter membrane expression in cultured astrocytes. 

 Results show novel mechanisms for the neuroprotective effects 
of citicoline, which cooperate to decrease brain glutamate release 
after ischemia.

Neuroprotection afforded by prior citicoline administration in experimental 
brain ischemia: effects on glutamate transport 
Hurtado et al. Neurobiol Dis. 18(2): 336-45, 2005



 75 healthy adolescent males were randomly assigned 
to either the citicoline group (n = 51 with 250 or 500 mg 
citicoline) or placebo (n = 24). 

 Participants completed the Ruff 2&7 Selective Attention 
Test, Finger Tap Test, and the Computerized 
Performance Test, Second Edition (CPT-II) at baseline 
and after 28 days of supplementation. 

 Citicoline improved attention (p=0.02) and increased 
psychomotor speed (p=0.03) compared  to placebo. 

 Higher weight-adjusted dose significantly predicted 
increased accuracy on an attention task (p = 0.01), 
improved signal detectability on a computerized 
attention task (p = 0.03), and decreased impulsivity
(p = 0.01).

The effect of citicoline supplementation on motor speed and attention in 
adolescent males McGlade et al. J Attn Disor. Epub - Jan;23(2):121-13, 2019. 



 60 healthy adult women were assigned to: PLA, 250 
mg citicoline, or 500 mg citicoline for 28–d. 

 Participants were evaluated with the Continuous 
Performance Test II (CPT-II), a measure sensitive to 
attentional function.

 After 28-d of supplementation, individuals in the 250 
mg group made fewer omission (p = 0.04) and 
commission (p = 0.03) errors vs. PLA.

 Individuals in the 500 mg group made significantly 
fewer commission errors compared to those in the 
PLA and trended toward making fewer omission 
errors. 

 Citicoline may improve attentional performance in 
middle-aged women and may ameliorate attentional 
deficits associated with central nervous system 
disorders. 

Improved attentional performance following citicoline administration in healthy 
adult women McGlade et al. Food and Nutri Sci. 3:769-773, 2012 



 736 patients with cerebrovascular pathology, cognitive 
impairment and mild dementia 

 279 (37.9%) men and 457 (62.1%) women aged from 35 
to 80 years (mean age 64.5+/-8.7 years). 

 Recognan (citicoline) was administered in the dose of 
1,000 mg/d for 30 days. 

 Citicoline improved cognitive function, memory and 
visual/spatial coordination and a decreased  depression 
severity. 

 Citicoline reduced cognitive dysfunction and 
disturbances of visual/spatial coordination as well 
as had a positive effect on the emotional sphere 
decreasing the level of depression.

Multicenter observational program for evaluation of the effectiveness of the 
recognan (citicoline) in the correction of cognitive impairment in patients with 
chronic cerebrovascular pathology 
Mashin et al. Zh Nevrol Psikhiatr Im S S Korsakova. 2017;117(8):39-43 (Russian)



65

Role of Omega-3 FA in Mild TBI

Barrett et al. Am Soc Nutri Adv Nutri. 5: 268–277, 2014

Mitigate 
pathophysiological 
events after injury.

 Increase the expression 
of protective mediators. 

 Improve functional 
outcomes after injury.



 Cerebral ischemia and reperfusion was produced in rats fed 
Control, Standard diet, or Standard diet plus fish n-3 EFA 
for 14 days.

 Malondialdehyde (MDA) levels, activities of superoxide 
dismutase (SOD), catalase (CAT), and number of apoptotic 
neurons was determined. 

 The levels of MDA and activities of SOD increased in rats 
on a standard diet compared to control and decreased in 
rats fed n-3 EFA compared to standard diet.

 The activities of CAT increased in rats fed n-3 EFA compared 
to standard diet.

 The number of apoptotic neurons in prefrontal cortex was 
lower with n-3 EFA compared to a standard diet.

 Dietary supplementation of fish n-3 EFA may be beneficial 
to preserve or ameliorate the ischemic cerebral vascular 
disease.

The protective effect of fish n-3 fatty acids on cerebral ischemia in rat 
prefrontal cortex Ozen et al. Neurol Sci. 29(3):147-52, 2008



• Mice were subjected to sham operation or controlled cortical impact, 
followed by random assignment of (1) control; (2) daily intraperitoneal 
injections of n-3 PUFAs for 2 weeks, beginning 2 h after TBI; (3) fish 
oil supplementation throughout the study, beginning 1 day after TBI; 
or (4) combination of treatments (2) and (3) for 35-d.

• Spatial cognitive deficits, chronic brain tissue loss, and endogenous brain 
repair processes were evaluated for 35 days after TBI. 

• Fish oil and supplementation with n-3 PUFA attenuated cognitive 
deficits without reducing gross tissue loss. 

• The combined treatment promoted post-TBI restorative processes in 
the brain, including generation of immature neurons, microvessels, and 
oligodendrocytes which correlated with improved cognitive recovery. 

• Repetitive and prolonged n-3 PUFA treatments after TBI are capable 
of enhancing brain remodeling and could be developed as a potential 
therapy to treat TBI victims in the clinic.

Repetitive and prolonged omega-3 fatty acid treatment after traumatic brain injury 
enhances long-term tissue restoration and cognitive recovery 
Pu et al. Cell Transplant. 26(4):555-569, 2017



 30 retired NFL players with brain damage and cognitive 
impairment participated in this study. 

 Participants lost weight (if needed) and ingested 5.6 g/d of fish oil;
a multi-vitamin; and, a brain enhancement supplement 
containing ginkgo, vinpocetine, acetyl-l-carnitine, huperzine A, 
alpha-lipoic acid and n-acetyl-cysteine for an average of 6-
months. 

 Outcome measures were Microcog Assessment of Cognitive 
Functioning and brain SPECT imaging. 

 In the retest situation, corrected for practice effect, there were 
statistically significant increases in scores of attention, 
memory, reasoning, information processing speed and 
accuracy on the Microcog cognitive function assessment. 

 The brain SPECT scans, as a group, showed increased brain 
perfusion, especially in the prefrontal cortex, parietal lobes, 
occipital lobes, anterior cingulate gyrus and cerebellum. 

 Cognitive and cerebral blood flow improvements are possible 
in this group with multiple interventions.

Reversing brain damage in former NFL players: Implications for traumatic brain injury 
and substance abuse rehabilitation Amen et al. J Psychoactive Drugs. 43(1):1-5, 2011



Combination of creatine, an omega-3 fatty acid, and citicoline
PCT/US2015/014856 University of Utah / Perry Renshaw (inventor)

Claims: “Improvement of neuropsychological performance, …treatment of a depression disorder, …improvement of 
complexion in a subject.”
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CREATINE | CITICOLINE | OMEGA-3 FATTY ACIDS

 Cognitive Impairment?

 Mild & Traumatic Brain Injury?

 Sport Concussion?

 Chronic Traumatic Encephalopathy (CTE)?



Summary

 Maintaining cognitive function as one ages 
and finding ways to reducing the incidence 
and/or severity of concussion, TBI, CTE, 
and SCI will continue to be a major public 
health focus. 

 Identifying natural compounds that can 
improve cognitive performance and/or 
provide neuroprotection provide a unique 
opportunity for the supplement and 
functional food sectors. 
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