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Abstract: Background: An open-label, exploratory study has been conducted to investigate the ef-
ficacy of BDNF Essentials® for cognitive function and neurological health.

Methods: Twenty healthy adults >45 years of age, with a score >24 on the Mini-Mental State Ex-
amination (MMSE-2) and self-reported memory complaints were supplemented with BDNF Es-
sentials® for 84 days. Computerized Mental Performance Assessment System (COMPASS) tests
for memory, attention, and processing speed were conducted, and change in plasma brain-derived
neurotrophic factor (BDNF), Profile of Mood States (POMS), the Healthy People Sleep Quality
Index (HPSQI), perceived stress scale (PSS), and salivary cortisol, interleukin (IL)-6, and tumour
necrosis factor-a (TNF-0) were assessed at baseline and days 28, 56, and 84.
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Accepted: July 07, 2023 Results: Supplementation with BDNF Essentials® significantly increased COMPASS tests for
DOI: memory, attention, and processing speed (all p < 0.05). Salivary cortisol was found to be signifi-
10.217401266397802360692309301 14913 cantly decreased at days 56 and 84 (p < 0.05), and IL-6 decreased at day 84 (P > 0.05). A reduc-
tion in depression-dejection at day 56 and in confusion-bewilderment at day 84, and an improve-

ment in sleep satisfaction at day 56 (all p < 0.05) were reported.

Conclusion: BDNF Essentials® improved reaction time in measures of working memory, episodic
memory, and attention, reduced biomarkers of stress and inflammation, and improved mood and
sleep. BDNF Essentials® has been found to be safe and well-tolerated in adults with self-reported
memory complaints.
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1. INTRODUCTION and skills, such as vocabulary and historical kno-wledge,
and remain stable throughout the lifespan [10-12]. Fluid
abilities, which refer to the capacity for problem-solving and
reasoning, are negatively impacted by age [11, 12]. Many
aspects of fluid intelligence peak in the 30s and decline at a
rate of approximately -0.02 standard deviations per year
[10]. This age-related decline in fluid intelligence may be

due to reduced processing speed and working memory [12,

A recent survey found 15%-20% of adults over 65 years
manifest mild cognitive impairment [1]. Strategies to support
cognitive function include exercise, cognitive training, and
potential pharmacological agents [2]. However, these inter-
ventions are often limited or inconsistent in their efficacy [3-
6]. As a result, alternative modalities to maintain cognitive
health that are safe and efficacious are gaining consumer
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interest. Nutraceuticals have demonstrated the ability to at-
tenuate cognitive decline with aging and progression of cog-
nitive diseases [1].

Poor psychological well-being and depression are risk
factors associated with self-reported memory complaints [7].
Memory complaints are also associated with poor mental
health and quality of life and increased stress in older adults
[8]. Self-reported memory complaints have been shown to be
associated with subsequent risk of cognitive impairment [9].

There are two types of cognitive functioning often as-
sessed with aging research, ie., crystallized abilities and
fluid abilities. Crystallized abilities refer to general knowledge
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13]. As working memory pertains to the amount of infor-
mation that individuals can temporarily process [13], im-
proving it can impact many activities of daily life [14]. A
meta-analysis found that improvements in working memory
corresponded to improvements in generalized everyday func-
tioning across the lifespan [14]. Given the importance of
working memory for everyday functioning, the effect of 84-
days of supplementation with BDNF Essentials® was exam-
ined in a population with self-reported memory complaints.
Brain-derived neurotrophic factor (BDNF) is essential for
neuroplasticity and is the most prevalent nerve growth pro-
tein shown to stimulate neurogenesis [15]. BDNF influences
a variety of functions, including induction of neurogenesis
and synapse formation, maintenance and repair of neurons,
and supporting overall cognitive function [16]. Several stud-
ies have shown an association between BDNF levels and
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neuroplasticity [17-19]. The ingredients found in BDNF Es-
sentials® have been shown to independently improve cogni-
tive function or mood in healthy older adults [20-30].

The objective of this open-label, exploratory study was to
investigate the efficacy of the potential synergistic effect of
the ingredients that constitute BDNF Essentials® on partici-
pants with self-reported memory complaints. Computerized
Mental Performance Assessment System (COMPASS) tests
were used to assess memory, attention, and processing
speed. Changes in plasma BDNF, Profile of Mood States
(POMS), Healthy People Sleep Quality Index (HPSQI), per-
ceived stress scale (PSS), salivary cortisol, interleukin (IL)-
6, and tumour necrosis factor-o (TNF-a) were assessed. The
enrolled study population represented a target group of indi-
viduals who would benefit from safe and efficacious
nutraceuticals for the support of cognitive function. This
transitional stage from normal cognition to cognitive im-
pairment is viewed as an opportune window for interventions
to support cognitive improvement [31].

2. MATERIALS AND METHODS

This study was reviewed by the Natural and Non-
Prescription Health Product Directorate (NNHPD), Health
Canada, and a research ethics board. Notice of authorization
was granted on March 19, 2021, by the NNHPD, Ottawa,
Ontario. Unconditional approval was granted on March 31,
2021, by the research ethics board (Advarra, Aurora, Ontar-
i0). The study was conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki and its sub-
sequent amendments. The clinical trial was conducted at
KGK Science Inc. (London, ON, Canada) from April—
September 2021 and registered at Clinicaltrials.gov
(NCT04860778).

2.1. Study Design

Informed consent was obtained from each participant at
the screening visit prior to performing any study-related
activities. All participants who met the inclusion without
meeting any exclusion criteria at screening and/or baseline
were required to follow the study protocol. At screening,
medical history, concomitant therapies and current health
status were reviewed, and the Mini-Mental State Examina-
tion (MMSE-2) and Everyday Memory Questionnaire
(EMQ) were completed. Information regarding memory
and lifestyle was recorded from the participants, including
but not limited to age when they noticed changes in their
memory and confirmed there had not been changes in per-
sonality, as well as sleep, dietary and exercise habits, stress
levels, and education. Urine pregnancy tests for female
participants of child-bearing potential were administered.
Fasting blood samples were collected for the analysis of
complete blood count (CBC), electrolytes (sodium, potas-
sium, chloride), hemoglobin (Hb) Alc, glucose, estimated
glomerular filtration rate (eGFR), creatinine, aspartate
transaminase (AST), alanine transaminase (ALT), alkaline
phosphatase (ALP), and total bilirubin, and a saliva sample
collection kit and instructions were dispensed. At baseline
(Day 0) and days 28, 56, and 84, data on concomitant ther-
apies and the current health status of participants were re-
viewed. Saliva samples were collected for cortisol analysis,
vitals were measured, and fasting blood samples were col-
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lected for BDNF, IL-6, and TNF-a measurements. COM-
PASS, PSS, POMS, and the HPSQI were administered, and
adverse events were recorded.

2.2. Inclusion and Exclusion Criteria

Enrolled participants included males and females 45
years of age and older, who self-reported memory com-
plaints, and had a waist circumference of < 102 cm (40 inch-
es) for males and < 88 cm (35 inches) for females. Partici-
pants with a score of > 24 on the MMSE-2 and a score of >
32 on the revised EMQ [32] were eligible. Participants were
considered otherwise healthy as determined by laboratory
results and medical history as assessed by the Medical Direc-
tor (MD). Individuals were excluded if they were women
who did not meet the study requirements for contraception;
had an allergy, sensitivity, or intolerance to the investiga-
tional product’s active or inactive ingredients; dementia
and/or cognitive decline; history of epilepsy, brain injury,
or trauma, as assessed by the MD; self-reported colour
blindness or confirmation of sleep disorder; had shift work
disrupting normal circadian rhythm; intended to or traveled
across one or more time zones; used concomitant pre-
scribed, over-the-counter medications, supplements, food
and/or drinks; had clinically significant abnormal laborato-
ry results.

2.3. Investigational Product and Directions

BDNF Essentials® is a formulation of Skullcap (Scutel-
laria lateriflora) herb powder, Lion’s mane mushroom
(Hericium erinaceus) powder, Sensoril® (Withania somnif-
era), Ashwagandha root and leaf extract, Bacopa (Bacopa
monnieri) herb powder, Bilberry fruit extract, cytidine di-
phosphate choline sodium salt (Citicoline), and Sharp-PS®
(Phosphatidylserine). Participants were instructed to take
two capsules with water with or without food twice a day for
84 days.

2.4. Statistical Methods

A total sample size of 20 was estimated to enable the
detection of a within-group change in BDNF of 21.6 ng/mL,
with a pooled SD of 33.07 ng/mL from baseline to the end of
the study [33]. This total sample size was also estimated to
enable the detection of within-group changes in COMPASS
domains, including speed of attention (24.50 + 32.30 msec),
accuracy of attention (8.87 £ 11.66%), episodic memory
(7.34 + 9.68%), and working memory (3.94 £+ 5.16%) [34].
These estimates assumed 5% alpha (one-sided for BDNF,
two-sided for COMPASS), 80% power, and a 20% dropout
rate.

An efficacy analysis based on the Intention-to-Treat
(ITT) population was performed. Variables were tested for
normality and log-normality where log-normality distribut-
ed variables were analyzed in the logarithmic domain. Ap-
propriate non-parametric tests were used to analyze non-
normal variables. All missing values in the ITT were im-
puted with the most recent previously available value
(LOCF, or “last-observation-carried-forward” imputation).
No imputation was performed for missing values of safety
variables.
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2.5. Assessment Tools and Laboratory Methodologies
2.5.1. MMSE-2 Standard Version

The MMSE-2 is a quick 30-point questionnaire, as-
sessing seven areas of cognition, which is widely used for
measuring cognitive impairment [35]. The MMSE-2 stand-
ard version was administered as a screening tool with a score
of > 24 indicating normal cognitive function [36].

2.5.2. EMQ

The EMQ assesses memory failure in everyday life, and a
score > 32 identifies those with self-reported memory com-
plaints. The revised EMQ used questions from Factor 1 —
Memory and Learning and Factor 3 — Procedure and Monitor-
ing. Each of the questions contained a 9-point Likert scale
characterizing the frequency of forgetfulness ranging from
‘Not at all in the last six months’ to ‘More than once a day’
[32].

2.5.3 COMPASS

COMPASS, a standardized tool designed to assess cogni-
tion (Northumbria University, Newcastle-upon-Tyne, UK),
has been shown to be sensitive to nutritional interventions
[37, 38]. The pre-programmed cognitive testing system de-
livers a full set of randomized stimuli for every assessment
performed by each participant and comes pre-programmed
with word lists, pictures, and names/faces. The tasks were
created to assess across major cognitive domains of interest:
memory, attention, and processing speed. COMPASS tasks
used in the current study included immediate word recall,
delayed word recall, picture recognition, word recognition,
numeric working memory, Corsi blocks, digit vigilance,
Stroop test, choice reaction time, and simple reaction time.

2.5.4. HPSOI

The HPSQI has been previously used to assess sleep
quality in a population with occasional sleeplessness and
provided an index for the following parameters: sleep effi-
ciency, perceived sleep debt, and sleep difficulty [39]. Par-
ticipants were asked a total of 19 questions. Five questions
captured information regarding a typical 7-day period con-
sisting of 5 weekdays and 2 weekend days. The remaining
14 questions used a S5-point Likert scale ranging from
‘Strongly disagree’ to ‘Strongly agree’.

2.5.5. PSS

The PSS is a 10-item tool that measures the degree to
which situations in one’s life are considered stressful [40].
Questions were designed to understand respondents’ feelings
about how unpredictable, uncontrollable, and overloaded
their lives are. The scale also includes direct queries to as-
sess the current levels of experienced stress.

2.5.6. POMS

The POMS is a 65-item questionnaire that assesses partici-
pant mood [41]. Each item contains a 5-point Likert scale
characterizing the possible strengths of a specific feeling (e.g.,
friendly, sad, helpful) ranging from ‘Not at all’ to ‘Extremely’.
Participants were instructed to respond to the questionnaire
based on the past week. POMS is a self-reported assessment
of mood that is adaptable to capturing transient and fluctuating
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feelings, or relatively enduring affect states, and contributes to
a comprehensive assessment by providing indications of po-
tential mood disturbance. A total mood disturbance score is
generated as well as subscales for tension, depression, anger,
fatigue, confusion, vigor, and friendliness. The POMS iceberg
profile is a visual representation of the 6 scales for the Raw
Score. The desirable iceberg shape is characterized by low
scores on the tension-anxiety, depression-dejection, anger-
hostility, fatigue-inertia, and confusion-bewilderment scales,
and high scores on the vigor-activity scale.

2.5.7. Laboratory Methodologies

Blood samples were analyzed for BDNF, IL-6, and TNF-
a at screening, and day 0, 28, 56, and 84 at Mount Sinai
Hospital (Toronto, Canada). Plasma BDNF blood was col-
lected in EDTA tubes and centrifuged at 1000xg for 10 min.
Plasma samples were then diluted 1:2 using the assay buffer
and analyzed using EMD Millipore’s MILLIPLEX® MAP
Human Myokine Magnetic Bead Panel 15-plex kit. The ana-
lytical range was 2 to 10,000 pg/mL. Serum IL-6 and TNF-a
blood were kept for 30 min to clot, and then centrifuged at
1000xg for 10 min. Serum samples were then analyzed using
EMD Millipore’s MILLIPLEX® MAP Human Cyto-
kine/Chemokine Magnetic Bead Panel. The analytical range
was 3.2 to 2000 pg/mL.

Saliva samples were analyzed for salivary cortisol on the
mornings of days 0, 28, 56, and 84 at the London Health
Sciences Centre (London, Canada). The saliva was centri-
fuged for 15 min. Saliva was analyzed using Roche Electro-
chemiluminescence. The reference range for salivary cortisol
collected between 0600h and 1000h was < 24 nmol/L.

3. RESULTS

3.1. Demographics

There was a total of 20 participants in the study, 10 fe-
males and 10 males. Participants ranged from 47 to 63 years
of age. Most participants were of Western European descent
(65%), had a University/Master's degree (60%), regularly
exercised (85%), consumed alcohol (75%), and did not
smoke tobacco (95%) or use cannabis (95%) (Table 1).

Table 1. Participant demographic characteristics (n=20).

Demographic Characteristics: ITT Population

Parameter Statistics
Age (years) -
Mean (range) 56.15 (47- 63)

Gender [n (%)] -

Female 10 (50)
Male 10 (50)
Race [n (%)] -
Western European White 13 (65.0)
Eastern European White 4 (20.0)

(Table 1) contd....
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Demographic Characteristics: ITT Population
Middle Eastern 2 (10.0)
Hispanic or Latino 1(5.0)
Marital Status [n (%)] -
Divorced 3(15.0)
(Married 14 (70.0)
Parameter Statistics
Single 3(15.0)
Education level [n (%)] -
College diploma 4(20.0)
High school graduate or GED 3(15.0)
University/Master’s degree 12 (60.0)
Vocational school 1(5.0)
Employment status [n (%)] -
Full-time 11(55.0)
Part-time 1(5.0)
Homemaker 1(5.0)
Retired 5(25.0)
Unemployed 2 (10.0)
Alcohol use, Yes [n (%)] 15 (75.0)
Tobacco use, No [n (%)] 19 (95.0)
Medical marijuana, No [n (%)] 20 (100.0)
Recreational marijuana, Yes [n (%)] 1(5.0)
Regular exercise, Yes [n (%)] 17 (85.0)
Sleep duration (hours) 10.82

Note: n, number; %, percent.

SCREENING FAILURES

Current Nutraceuticals, 2023, Vol. 4

3.2. Participant Disposition

Twenty participants were enrolled in the study, and all
were included in the ITT analysis. Participants consumed at
least 80% of the investigational product, had no protocol
deviations that may have affected the primary outcome, and
completed all study visits and procedures (Fig. 1).

3.3. Plasma BDNF

On day 28 of supplementation, there was a 25% reduc-
tion (p<0.05) and on day 56, a 12% reduction in BDNF
concentration (p=0.40) observed. There was a 2.4% in-
crease observed in BDNF concentration on day 84
(p=0.43). Although there was no statistically significant
mean change in plasma BDNF concentrations in the ITT
population after 84 days of supplementation, eight partici-
pants had an increase in their plasma BDNF from baseline,
and 12 participants had BDNF levels that decreased from
their baseline at day 84. Participants whose BDNF in-
creased by 5 ng/mL above their baseline levels were de-
fined as responders. This responder subgroup had differ-
ences in their inflammation levels, amount and type of ex-
ercise reported, and prevalence of sleep issues at baseline,
compared to those who did not respond with an increase in
their plasma BDNF (Table 2). Self-reported information
from the responders showed they had a better exercise pro-
file as well at baseline they had higher salivary cortisol,
TNF-0, and IL-6. These participants performed similar to
the overall group on the COMPASS tests in working
memory, episodic memory, attention, and processing speed.
However, the responders increased their delayed word re-
call performance, a finding that was not seen in the overall
study population. In responders, picture recognition reac-
tion time (“No”) was significantly reduced from baseline at
day 84. For both immediate word recall and delayed word
recall, there were significant improvements observed on
days 56 and 84, compared to baseline (Table 3).

n =5 Inclusion criteria
failed

n =1 Exclusion criteria
failed

n =1 No show
n =1 Withdrew consent

n =2 Enrollment was
completed

Fig. (1). Participant disposition.

SCREENING
n=30

|

BASELINE/DAY 0
n=20

l

DAY 28
n=20

DAY 56
n=20

DAY 84
n=20

l

Number of participants completing the study: n =20
Number of participants early terminating: n = 0
Number of participants included in the ITT analysis: n =20
Number of participants included in the Safety analysis: n =20
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Table 2. Potential variables relating to plasma BDNF levels in responders vs. non-responders supplemented with BDNF Essentials®.

Variables at Baseline

Responders (n=8) Non-responders (n=12)

Age (mean = SD) 54.6+5.8 57.1+3.4
Gender (% male) 38% 58%
Complete exercise (%) 100% 75%
Complete cardiovascular exercise (%) 75% 33%
EMQ score (mean + SD) 71.1+19.0 67.5+13.6

BDNF (pg/mL; mean + SD)

1355.8 +1434.7 1652.8 +1288.7

PSS score (mean + SD) 13.0+5.1 152+6.2

Salivary cortisol (nmol/L; mean + SD) 15.1+6.9 11.9+73

TNF-a (pg/mL; mean + SD) 11.0+23 92+40

IL-6 (pg/mL; mean + SD) 20.1+£422 93+59
Difficulty falling asleep (%) 12.5% 33.3%
Difficulty staying asleep through the night (%) 62.5% 58.3%
Refreshing sleep (%) 37.5% 53.3%

Note: n, number; SD, standard deviation ; %, percent.

The results presented below are for the ITT population.

3.4. Memory

BDNF Essentials® formulation improved episodic
memory (picture and word recognition), working memory
(numeric working memory and Corsi Block tasks), and at-
tention (digit vigilance task and Stroop test) (Table 4).

Picture recognition reaction time was found to be im-
proved by 13% at days 56 and 84 (p<0.05), immediate word
recall improved by 15% at day 56 and 41% at day 84
(»<0.05), and there was a 15% improvement in delayed word
recall at day 56 (p<0.05). For numeric working memory,
overall, correct and percent correct reaction time improved by
8%, 8%, and 11%, from baseline at day 84, respectively (all
p<0.05). Both overall and correct reaction times improved by
7% from baseline at day 28, (p<0.05), and the percent correct
reaction time improved on days 28 and 56 by 11% and 8%,
respectively (»<0.05). There was a 4% improvement observed
in digit vigilance accuracy at day 84 (p<0.05). Participants
were faster at reacting (overall reaction time) on the Stroop
test by 8% on day 56 and 7% on day 84 (all p<0.05).

3.5. Processing Speed/Speed of Attention (Choice Reac-
tion and Simple Reaction Time)

There was a 1% decrease in choice reaction time accura-
cy on day 28 (p<0.05), and there were no changes noted on
days 56 and 84 (Table 4). There was no difference observed
in simple reaction time.

3.6. Inflammatory Measures

There was a 7% reduction found in IL-6 at day 84
(p>0.05; Fig. 2A). There were no significant changes ob-
served in TNF-a with BDNF Essentials® supplementation
(Fig. 2B).
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3.7. Stress and Mood Measures

Salivary cortisol was found to be reduced by 20% and
10% from baseline at days 56 and 84, respectively (all
p<0.05; Fig. 3A). There were no changes observed in partic-
ipants’ subjective stress, as assessed by the PSS score
throughout the 84-day study (Fig. 3B).

Participants reported an 18% reduction in confusion-
bewilderment at day 84 (p<0.05) in the POMS raw score,
and a 12% reduction in depression-dejection (percentile) at
day 56 (p<0.05). The POMS iceberg profile is a visual rep-
resentation of the six POMS sub-scales. After 84 days of
supplementation, participants exhibited the characteristic
shape of a positive profile of mood (Fig. 4).

3.8. Sleep Measures

On day 56, there was an 11% improvement reported in
sleep satisfaction (p<0.05). There were no significant chang-
es found in sleep efficiency, sleep duration, or sleep-related
quality of life during the study.

3.9. Safety Outcomes

There were seven post-emergent adverse events (AEs)
reported by five participants. There were two AEs of back
pain reported by one participant. There were two AEs of a
headache and feeling sick from a second dose of COVID-19
vaccination reported by one participant. The other AEs re-
ported by unique participants were a headache, a cyst, and
abnormal liver enzymes. All participants reported resolution
of AEs by the end of the study, except for the AE of abnor-
mal liver enzymes, which returned to levels within the nor-
mal laboratory range three weeks after the day 84 visit (Sup-
plementary Tables S1 and S2). All AEs were deemed unlike-
ly or not related to BDNF Essentials®.
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Table 3. Episodic memory scores at baseline and days 28, 56, and 84 in the responder population with increases in BDNF levels at day

84 (n=8).

Compass Task

Baseline Mean + SD

Day 28 Mean + SD
P-Value*

Day 56 Mean + SD
P-Value*

Day 84 Mean + SD
P-Value*

Picture recognition

Reaction time (no, msec)

1159.67 £ 413.36

1001.63 +206.01

1080.14 +222.06

1023.24 £ 260.61

0.49 (w) 0.62 (w) <0.05 (w)
4.0+221 447+2.15 4.67+2.5
Immediate word recall Total number of points 3.80+1.50
0.2 <0.05 <0.05
3.12£23 35+1.7 359+1.6
Delayed word recall Total number of points 3.02+1.8
0.3 <0.05 <0.05

Abbreviations: msec, milliseconds; SD, standard deviation, %, percent. *p-values represent scores at days 28, 56, and 84, compared to baseline, and these
were generated by the paired #-test after untransformed or the paired #-test after log-transformed (Ip) or the Wilcoxon Signed Rank test (w).

Table 4. COMPASS task scores at baseline and days 28, 56, and 84 (n=20).

. Day 28 Mean + SD Day 56 Mean + SD Day 84 Mean + SD
- +
Compass Task Baseline Mean = SD P-Value* P-Value* P-Value*
Episodic Memory
Picture recognition Accuracy (overall, %) 96.83 £2.95 96.17 +3.63 0.5 (w) 97.00 £ 2.84 0.75 (w) 96.33 £ 3.88 0.62

Reaction time

1186.51 £407.01

1275.57 + 758.82

1031.98 +258.35

1030.50 +£211.97

(no, msec) 0.62 (w) <0.05 (w) <0.05 (w)
4 Accuracy 7533+ 11.21 78.83 £ 8.60 78.00 + 8.19
Word recognition 76.50 +12.11
(overall, %) 0.69 0.42 0.58
Total number 4.08+£2.31 4.47+235 547+£197
Immediate word recall 3.88 £1.60
of points 0.2 <0.05 <0.05
Total number 322+£223 3.6+1.8 3.80+2.04
Delayed word recall 3.12+1.83
of points 0.3 <0.05 0.6
Working Memory
i i Accurac 95.17+5.37 93.78 +7.53 94.61 £ 8.57
Numeric working y 04,052 5.15
memory (overall, %) 0.29 0.58 (w) 0.20 (w)
Reaction time 1089.98 +267.83 1115.18 £240.16 1080.04 +217.61
- 1177.33 £241.18
(overall, msec) <0.05 0.14 <0.05
Reaction time 1077.96 +246.31 1109.79 +239.75 1071.93 £212.82
- 1163.28 £228.31
(correct, msec) <0.05 0.20 <0.05
Reaction time 997.38 £251.22 1033.58 +223.08 997.31 +£206.08
- 1122.85 +246.07
(yes, msec) <0.05 (Ip) <0.05 <0.05
5.57+0.59 5.67+0.72 547+£0.94
Corsi Blocks Span score 535+14
0.2 0.4 0.4
Attention
Accuracy 88.22+11.40 89.00 +10.83 91.11£5.90
Digit vigilance 87.89+£9.22
(overall, %) 0.69 0.53 <0.05 (w)
Accuracy 93.75 £14.69 95.17 £ 14.10 99.33 £ 1.37
Stroop test 95.50 +12.08
(overall, %) 0.48 0.63 (w) 0.17 (w)

(Table 4) contd....

109




Lewis et al.

Current Nutraceuticals, 2023, Vol. 4 171123223619
Compass Task - Baseline Mean + SD Day 28 Mean + SD Day 56 Mean + SD Day 84 Mean + SD
P-Value* P-Value* P-Value*
Reaction time 1311.92 +353.17 1266.59 +413.9 1273.67 + 423.66
- 1371.65 +309.28
(overall, msec) 0.80 <0.05 (w) <0.05 (w)
Processing Speed/Speed of Attention
. o Accuracy 97.90+22 98.8+1.36 98.40 = 1.39
Choice reaction time 98.9+1.21
(overall, %) <0.05 (w) 0.82 (w) 0.26 (w)
Reaction time 635.85 +618.45 392.83 +£78.3 403.64 + 134.66
Simple reaction time 448.39 +£168.84
(overall, msec) 0.54 (w) 0.17 (w) 0.10

Note: msec, milliseconds; SD, standard deviation, %, percent. Note: * p-values represent scores at days 28, 56, and 84, compared to baseline, and these were
generated by the paired 7-test after untransformed or the paired 7-test after log-transformed (Ip) or the Wilcoxon Signed Rank test (w).

(@)  so- (b) 15+
40 - L *
—_ 0
4 104
E 30- 5
(e o
2 r
Lo — 1
5 @ > 5+
|_
10—
0- 0-
Baseline Day28 Day56 Day84 Baseline Day 28 Day56 Day84

Fig. (2). (a) IL-6 and (b) TNF-o. at baseline and days 28, 56, and 84 after supplementation with BDNF Essentials® (n=20). All values present-
ed are mean + standard deviation (SD). Changes from the baseline for IL-6 and TNF-a were compared using the paired #-test after untrans-
formed or the paired #-test after log-transformed or the Wilcoxon Signed Rank test, with p<0.05 considered statistically significant.
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Fig. (3). (a) Cortisol and (b) PSS scores at baseline and days 28, 56, and 84 after supplementation with BDNF Essentials® (n=20). All values
presented are mean + SD. Changes from the baseline for cortisol and PSS scores were compared using the paired 7-test after untransformed or
the paired #-test after log-transformed or the Wilcoxon Signed Rank test, with p<0.05 considered statistically significant. Note: * Indicates p-

value <0.05 significantly different from baseline.
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Fig. (4). Profile of Mood States Iceberg profile at baseline and after
28, 56, and 84 days of supplementation with BDNF Essentials®.
Data are mean + standard error of the mean (SEM). Values were
compared using the paired #-test after untransformed or the paired #-
test after log-transformed or the Wilcoxon Signed Rank test, with
p<0.05 considered statistically significant. Note: “Indicates signifi-
cance from baseline at day 84. (4 higher resolution/colour version
of this figure is available in the electronic copy of the article).

4. DISCUSSION

The population enrolled in this study included healthy
individuals with normal cognition and self-reporting issues
with memory but no pathologies.

Supplementation with BDNF Essentials® for 84 days
significantly increased scores on COMPASS tests for
memory, attention, and processing speed. Overall, there were
improvements in reaction time for domains of episodic and
working memory, and attention.

Episodic memory plays an important role in everyday
functioning, as this is the memory relied upon to recall in-
formation, such as where a car is parked, where one left their
keys, or the location of the doctor’s office. BDNF Essen-
tials® supplementation resulted in increased performance on
working memory and episodic memory tests. Although accu-
racy was not impacted by supplementation, there were im-
provements in reaction time. Actions and responses, both for
decisions and movements, performed faster are typically
coupled with diminished accuracy [42, 43]; however, this
was not observed with this supplement. Further, accuracy
may not have improved as baseline accuracy was high for
most measures (e.g., picture recognition 97%; numeric work-
ing memory 94%; Stroop test 95%; and choice reaction time
99%).

BDNF Essentials® increased attentional performance
with accuracy in the digit vigilance task and faster reaction
times during the Stroop test. The increase in accuracy of
digit vigilance, a number-matching task, was the only signif-
icant increase in accuracy observed. The digit vigilance test
assessed both sustained attention and psychomotor speed
[44]; thus, the increased accuracy with no associated change
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in speed in this task suggests that BDNF Essentials® may
augment attentional performance without negatively impact-
ing speed. In all reaction time measures during the Stroop
test, supplementation with BDNF Essentials® significantly
increased performance relative to baseline. Selective atten-
tion, which is the ability to focus on relevant task infor-
mation and disregard extraneous information, is assessed by
the Stroop test and it has been shown to decline with age
[12]. Bacopa supplementation for 12 weeks in healthy older
adults was previously shown to increase Stroop test perfor-
mance compared to placebo [45], whereas phosphatidylser-
ine supplementation for the same duration had no effect on
the Stroop test [46]. In older adults (50-85 years) with sub-
jective memory complaints, there was reduced brain activity
reported corresponding to task-related attention compared to
adults without subjective memory complaints [47]. There-
fore, it is possible to suggest that the increased attention ob-
served with BDNF Essentials® may alleviate some of the
memory-related issues that occur with aging.

Although processing speed has been shown to decline
with age [11, 12], the direct test of processing speed or speed
of attention within COMPASS was not affected by supple-
mentation with BDNF Essentials®. Bacopa supplementation
improved the speed of attention by reducing choice reaction
time in healthy participants [48]. In the current study, there
were, however, improvements in reaction time, as found in
several of the other cognitive test assessments. These data
indicate that while BDNF Essentials® did not result in im-
provements in reaction time tasks that require little-to-no
cognitive processing, such as the simple- and choice-reaction
time tests, there were improvements in reaction time in tasks
that required more complex cognitive processing, such as the
Stroop test and numeric working memory tests. In these
more complex tasks, participants had to perceive the stimu-
lus, process the visual information, and then generate an ap-
propriate response [11]. Therefore, supplementation with
BDNF Essentials® may have augmented processing times for
making decisions [11].

It is interesting to note that there was no speed-accuracy
trade-off observed in this study. Typically, movements con-
ducted at a faster speed are associated with lower accuracy
[42]. Although this phenomenon is found in motor control, it
has implications for decision-making. Decisions made faster
are less accurate and decisions made slower are more accu-
rate [43]. However, with BDNF Essentials®, not only was
overall reaction time significantly increased for working
memory, episodic memory, and attention tests, reaction time
was faster when making the correct decisions. The potential
to augment neural processing speed while not sacrificing
accuracy is certainly of value in this population with
memory complaints.

Plasma BDNF remained unchanged perhaps due to the
large inter- and intra-participant variability observed. Similar
variability has been previously reported even after 12-month
longer supplementation [49]. BDNF is an important neuro-
trophin that plays a crucial role during age-related synaptic
loss [50, 51] and cognitive decline. Various confounders,
such as age, cognitive state, lifestyle, and disease state, have
been reported to cause variability of BDNF [49, 51-53].
Over 100 polymorphisms in the BDNF gene exist, resulting
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in variations in BDNF levels. Approximately 20-30% of the
worldwide population have a heterozygous (val66met) pol-
ymorphism [52, 54, 55]. Memory and executive function
have been demonstrated to be associated with the BDNF
val66met polymorphism [54], where the heterozygous poly-
morphism is associated with significantly worse performance
on a working memory task [56]. The high variability of
BDNF levels in healthy subjects is thought to be associated
with the highly regulated expression of BDNF [17]. Changes
in expression have been reported to occur during both nor-
mal and pathological aging [17].

Normal aging is associated with increased levels of pro-
inflammatory markers and cytokines causing chronic in-
flammation, termed “inflamm-aging” and corresponds to an
increased risk of morbidity and mortality [57]. In healthy
adults, elevated levels of IL-6 and TNF-a are biomarkers for
increased risk of cognitive decline [57], and the reductions in
IL-6 observed in this study are consistent with other reports
[58]. IL-6 is inversely correlated with memory performance,
especially in women [59]. A supplement containing Bacopa
monnieri, Hippophae rhamnoides, and Dioscorea bulbifera,
was reported to significantly decrease IL-6 and TNF-a levels
in healthy adults [60]. Ashwagandha prevented cognitive
decline from systemic- and neuro-inflammation in pre-
clinical models [61]. It is possible to suggest that improve-
ment in COMPASS tasks with BDNF Essentials® may be
attributed to reduced systemic inflammation in adults self-
reporting memory complaints.

Elevated stress contributes to cognitive decline and
memory impairments [62]. Salivary cortisol reflects circulat-
ing levels of cortisol [63, 64], and elevated cortisol concen-
trations are associated with hippocampus-dependent memory
deficits in older adults [62]. BDNF Essentials® decreased
salivary cortisol. However, the decrease in salivary cortisol
was not associated with reductions in the PSS. The mean
PSS score in this population was 13.4 at baseline, which is
higher than the United States population norms in 1994 for
this age group (55-65 years, PSS = 11.9) [65], and the Swe-
dish population norms reported in 2013 (55-79 years, PSS =
12.9) [66]. This study was conducted during the COVID-19
pandemic (May-September 2021); therefore, elevated stress
levels were expected [67]. The current population from On-
tario had a lower PSS score than adults in Alberta who
joined the Text4Hope program (60 years and over, PSS =
16.65) during the COVID-19 pandemic [67]. Ninety days of
supplementation with ashwagandha root reduced both serum
cortisol and perceived stress in healthy young and older
adults with self-reported elevated stress levels (20-55 years,
PSS = 19.5) [68]. It is possible to suggest that BDNF Essen-
tials® may be beneficial in reducing subjective stress scores
in populations self-reporting high-stress levels [68].

There were improvements in mood with BDNF Essen-
tials®, with significant reductions in confusion-bewilderment
and depression-dejection at days 84 and 56, respectively.
Confusion-bewilderment is a mood reflecting anxiety from
bewilderment and cognitive inefficiency and depression-
dejection is associated with unhappiness, guilt, isolation,
worthlessness, and hopelessness [69]. One of the hallmark
symptoms of subjective cognitive decline is increasingly
frequent feelings of confusion within the last 12 months [70].

112

e171123223619

Lewis et al.

Older adults with subjective memory complaints are often
associated with depression symptoms or a diagnosis of de-
pression [71]. Two weeks of skullcap supplementation in
healthy adults (19-66 years) has been shown to improve
mood scores on POMS [26].

Ingredients in BDNF Essentials®, such as ashwagandha,
have been shown to be beneficial for sleep [68]; however,
bacopa and skullcap have not [26, 72]. The typical sleep du-
ration for middle-aged and older-adult populations is 9.1 and
8.1 hours, respectively [73]. The population studied had a
relatively long sleep duration (10.82 hours) prior to supple-
mentation; hence, improvements in sleep would have been
more challenging to demonstrate in such a context.

The subgroup of responders reported exercising on a
weekly basis, with 75% completing cardiovascular exercise.
Given the positive effects of aerobic exercise on BDNF lev-
els, it is possible to suggest that the response to BDNF Es-
sentials® acted synergistically with exercise in the respond-
ers. Self-reported baseline information from this group sug-
gested that their consistent commitment to aerobic exercise
may have been of value in the elevation of their plasma
BDNF.

Also, at baseline, the responder population had a mean
score of 13 on the PSS (a score of 0-13 is considered low
stress) [74, 75], and continued to have reductions in their
PSS scores over the 84-day supplementation period, with a
23% reduction in PSS score at day 84, which remained with-
in the low-stress range. Responders had higher levels of sali-
vary cortisol at baseline compared to non-responders. Sali-
vary cortisol has a diurnal pattern, which is characterized by
high levels upon waking, with a peak typically occurring
within 30 minutes of waking and a nadir occurring in the
afternoon [76]. Saliva was collected at a single time point
within 30 minutes of waking, and hence, it was not possible
to gauge the time of the day when the profile nadir occurred.

A higher number of memory complaints were reported
by the responders compared to non-responders (71.1 vs. 67.5
EMQ score). Previous studies have shown that lower BDNF
levels are associated with lower cognitive test scores and
mild cognitive impairment [51]. As the study population did
not have any pathologies related to memory, this may sug-
gest that BDNF Essentials® was most beneficial to those
with a higher number of self-reported memory complaints.

Mean baseline IL-6 concentrations were higher in the
responders, and there were 5.4% and 21% reductions on
days 28 and 56, and a 22.5% increase on day 84 in the popu-
lation. It is possible that BDNF Essentials® may have been
efficacious in reducing IL-6 levels in the responder popula-
tion, which may be related to an increase in BDNF over the
84-day study period. Self-reported difficulty in sleeping and
the higher number of memory complaints by the responders
may suggest that these participants may have greater stress
in their lives. Interestingly, the PSS scores of the responders
were at borderline high levels, albeit within the normal
range. Previously, other studies have reported an integrative
role between BDNF and cortisol, suggesting that increases in
the latter may be involved in the progression to stress-related
disorders [77]. It is possible that BDNF may play a role in
early targeted prevention of such disorders.
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As the data reveal, improving cognition outcomes and
biomarkers is certainly challenging when investigating
healthy participants as it leaves little room for improve-
ment. Baseline inflammation and PSS scores in this popula-
tion may have played a role in the response to BDNF Es-
sentials® and are limitations that require further investiga-
tion. The results of this study are promising and certainly
allow for an addition to the evidence on BDNF Essentials®.
However, as this was an open-label exploratory study, it is
important that the BDNF Essentials® formulation be exam-
ined in a more rigorous randomized clinical study to con-
firm the current results. This study did not select a popula-
tion based on activity level; however, future studies inves-
tigating the influence of exercise on cognition in an exer-
cise model may be of value. This study investigated the
efficacy of the formulation. Thus, a placebo group was not
factored into the study design. The intent being to provide a
foundation for future longer-term randomized double-blind
placebo-controlled studies, which may investigate the ef-
fect of BDNF Essentials® in certain sub-populations (e.g.,
those engaging in cardiovascular exercise) as they may
respond more favorably to supplementation. Certainly, the
exploratory design and small sample size accentuated the
high interindividual variation between these markers and
are limitations that did not allow for any further investiga-
tion of the results. Long-term placebo-controlled studies
with larger sample sizes are required for confirmation of
the role of BDNF Essentials® and its effect on those with
higher PSS scores.

Future studies on BDNF Essentials® in populations with
cut-offs at a higher EMQ and greater subjective memory
complaints, as well as the relationship between IL-6 and
the BNDF cortisol ratios at baseline, are certainly warrant-
ed [78].

CONCLUSION

The results of this exploratory study showed that sup-
plementing with BDNF Essentials® for 84 days significantly
improved reaction time in measures of working memory,
episodic memory, and attention in a single cohort of healthy
participants. There was no speed-accuracy trade-off ob-
served in this study as improvements in reaction time were
observed while a high level of accuracy was maintained. The
improvements in reaction time observed in more complex
tasks were not carried over to simple tasks, such as the
choice- and simple-reaction time tasks. Furthermore, partici-
pants reported a reduction in their confusion and bewilder-
ment and depression-dejection scores, resulting in a better
profile of their mood.

It is interesting that improvements were observed in the
absence of changes to plasma BDNF levels. Supplementa-
tion with BDNF Essentials® led to reductions in salivary
cortisol and IL-6 levels, which are the biomarkers of stress
and inflammation. Aerobic exercise, stress levels, and degree
of self-reported memory complaints appeared to influence
the response to BDNF Essentials®. Based on the literature
and the findings of the current study, responses to BDNF
Essentials® were influenced by a variety of factors beyond
baseline BDNF levels. Further research is certainly warrant-
ed to confirm the results of this study. BDNF Essentials®
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was found to be safe and well-tolerated in this population of
adults with self-reported memory complaints during the 84-
day study period.

LIST OF ABBREVIATIONS

AE = Adverse event

ALP = Alkaline phosphatase

ALT = Alanine transaminase

AST = Aspartate transaminase

BDNF = Brain-derived neurotrophic factor

CBC = Complete blood count

COMPASS = Computerized Mental Performance Asses-
sment System

eGFR = Estimated glomerular filtration rate

EMQ = Everyday Memory Questionnaire

HPSQI = Healthy People Sleep Quality Index

IL-6 = Interleukin-6

ITT = Intent-to-Treat

LOCF = Last-observation-carried-forward

MMSE-2 = Mini-Mental State Examination

NNHPD = Natural and Non-Prescription Health
Product Directorate

POMS = Profile of Mood States

PSS = Perceived stress scale

TNF-a = Tumour necrosis factor
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