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ABSTRACT

Introduction: Stress is a complex life occur-
rence essential for survival and goal achieve-
ment but can be damaging in excess. Because of
the high prevalence of stress in North America,
a safe supplement that effectively reduces stress
is in demand. The objective of this study was to
investigate the efficacy and safety of Alpha-
Wave� L-Theanine on whole-scalp and frontal
alpha power, midline theta power, and salivary
cortisol in healthy, moderately stressed adults.
Methods: This was a randomized, triple-blind,
placebo-controlled, crossover study that con-
sisted of two study periods with a 7-day wash-
out. A single dose of AlphaWave� L-Theanine
(200 mg) or placebo was administered. To
induce stress, a mental arithmetic test (MAT)
was administered before and after the dose.

Electroencephalogram, salivary cortisol, blood
pressure, heart rate, self-reported stress, adverse
events, clinical chemistry, and hematology were
assessed to evaluate efficacy and safety.
Results: Increases in heart rate, blood pressure,
and self-reported stress and state anxiety indi-
cated that participants experienced stress dur-
ing the MAT. AlphaWave� L-Theanine led to a
greater increase in frontal region and whole-
scalp alpha power 3 h post-dose compared to
placebo (p B 0.050). Within groups, there were
increases in alpha power, at 3 h with Alpha-
Wave� L-Theanine, over the whole recording
and during the eyes-open portions (p B 0.048)
of the alpha task. The changes in alpha wave
activity are supported by greater decreases in
salivary cortisol 1 h post-dose (p\ 0.001) with
AlphaWave� L-Theanine compared to placebo.
Conclusion: This study was conducted during
the SARS-CoV-2 pandemic, which has had a
rapid and significant effect on both physical
and mental health around the world. A single
dose of AlphaWave� L-Theanine significantly
increased frontal region alpha power compared
to placebo in response to an acute stress chal-
lenge. These changes are indicative of relax-
ation in the brain and suggest a calmingM. Evans (&) � A. C. McDonald � D. C. Crowley �
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response. AlphaWave� L-Theanine was found to
be safe and well tolerated by participants.
Trial Registration: ClinicalTrials.gov identifier
NCT04706494.

PLAIN LANGUAGE SUMMARY

Stress is a complex part of life that is essential
for survival and achieving goals. Too much
stress, however, can be damaging. There is a
high prevalence of stress in North America,
creating a demand for a safe and effective sup-
plement to reduce it. This study investigated the
effectiveness and safety of AlphaWave� L-Thea-
nine on brainwaves and salivary cortisol in
healthy, moderately stressed adults facing an
acute stressor. This was a randomized, triple-
blind, placebo-controlled, crossover study that
consisted of two study periods with a 7-day
washout. A single dose of 200 mg of Alpha-
Wave� L-Theanine or placebo was administered
before and after a mental arithmetic test to elicit
acute stress. Electroencephalogram, salivary
cortisol, blood pressure, heart rate, self-reported
stress, and safety were assessed to evaluate effi-
cacy and safety. This study was conducted dur-
ing the coronavirus pandemic, which has had a
rapid and significant effect on both physical
and mental health around the world. A single
dose of AlphaWave� L-Theanine had significant
positive effects on brainwaves, salivary cortisol,
and self-reported state anxiety compared to the
placebo in response to an acute stress challenge.
These changes are indicative of relaxation in the
brain and suggest a calming response in a
moderately stressed but otherwise healthy
population. AlphaWave� L-Theanine was found
to be safe and well tolerated by participants.

Keywords: AlphaWave� L-Theanine; Electroen-
cephalogram; L-Theanine; Stress; Alpha power

Key Summary Points

Adults facing acute and chronic stressors
account for up to three quarters of
Americans and can cost the
workforce * $300 billion annually in lost
productivity.

The objective of this study was to
determine the safety and efficacy of
AlphaWave� L-Theanine in whole-scalp
and frontal alpha power (indicators of
relaxation) in moderately stressed adults
using an acute stress model.

We found that a single dose of
AlphaWave�

L-Theanine led to a greater increase in
alpha power 3 h post-dose compared to
placebo.

These data suggest that AlphaWave� L-
Theanine reduced stress when moderately
stressed but otherwise healthy adults were
facing an acute stressor.

Future work should investigate the safety
and efficacy of prolonged L-theanine
supplementation in healthy populations
to provide insight into application to
vulnerable populations diagnosed with
stress-related disorders, such as general
anxiety disorder.

INTRODUCTION

Seventy-five percent of Americans report having
experienced a stress-related outcome such as
irritability, changes in appetite or sleep patterns,
restlessness, or general negative thoughts within
the past month [1, 2]. Common sources of stress
include finances, the economy, familial respon-
sibilities, health concerns, and work [1, 2]. Job-
related stress alone costs American industries an
estimated $300 billion a year due to diminished
productivity, job accidents, absenteeism, and
turnover. Additionally, health care expenditures
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are nearly 50% greater for workers experiencing
high levels of stress [3]. Prolonged stress expo-
sure increases the risk for various health prob-
lems and concerns such as mental health issues,
substance abuse, and cardiovascular issues, and
can even dampen the immune system, increas-
ing susceptibility to both colds and common
infections [4, 5]. Indeed, when healthy young
adults are exposed to acute mental (mental
arithmetic) or physiological (cold pressor test)
stress, there are increases in arterial stiffness
that are independent of the increases in heart
rate and blood pressure [6]. Additionally, a
direct relationship has been demonstrated
between the physiological response to acute
mental stress and future adverse cardiovascular
events [4].

Stress is a complex part of life that is neces-
sary for survival and goal achievement but can
be damaging in excess. It was first defined
clinically by Hans Selye as the nonspecific
response of the body to any demand for change
[7]. More recently, stress has been described as a
response to an intrinsic or extrinsic stimulus
that causes a deviation from homeostasis [5, 8].
Stressful events lead to a series of responses
which are an intricate interaction between the
central and peripheral nervous systems and the
rest of the body [9]. Further, there are individual
differences in stress response due to sex differ-
ences, genetic uniqueness, age, and environ-
mental factors like urbanicity [9, 10].

The currently available drug treatments for
managing the signs and symptoms of stress can
result in side effects, prompting the need for a
more suitable approach for pursuing a healthy
lifestyle. Treatment and management of stress is
a complex process involving interactions
between individuals and environmental factors
[11]. Lifestyle changes, such as exercise and
socialization, are commonly encouraged to deal
with stress [9]. Adopting new lifestyle routines is
challenging and requires time and compliance
to be effective. As a result, a safe supplement
that effectively reduces stress levels is in high
demand. This is especially applicable for other-
wise healthy populations, experiencing moder-
ate levels of stress, who may not require
pharmacological interventions or diagnoses.

L-Theanine is an amino acid found in green
tea leaves and has been shown in rodent models
to block the binding of L-glutamic acid to glu-
tamate receptors (RS)-a-amino-3-hydroxy-5-
methylisoxazole-4-propionic acid (AMPA), kai-
nate, and N-methyl-D-aspartate (NMDA) [12].
L-Theanine can pass through the blood–brain
barrier and begins decreasing in concentration
5 h after administration [13]. The amino acid
increases the secretion of neurotransmitters
such as dopamine and serotonin in the central
nervous system 30 min after oral administration
[14]. L-Theanine intake reduces the heart rate
(HR) and salivary immunoglobulin A (sIgA) in
response to acute stress, attributable to changes
in sympathetic activation signals [15]. It is
characterized by its ability to induce relaxation
when consumed. Apart from its ability to act as
a neurotransmitter and decrease blood pressure
(BP), L-theanine can stimulate the generation of
alpha brainwaves [16]. Increases in brainwave
alpha power is considered to be indicative of
relaxation [16, 17]. Frontal region alpha waves
are observed during non-rapid eye movement
(REM) sleep and meditation [17]. Juneja et al.
reported that alpha waves were generated in the
occipital and parietal regions of the brain sur-
face of human participants within 40 min of
oral L-theanine administration [16]. Kobayashi
et al. found that after a single dose of L-thea-
nine, individuals with higher anxiety emitted
significantly stronger alpha brainwaves than did
individuals with lower anxiety [18], indicating a
greater effect. These electroencephalography
(EEG) studies have shown that L-theanine had a
direct effect on the brain and relaxed the mind
without inducing drowsiness [16, 18].

With the reported success that L-theanine
has had in promoting relaxation and reducing
signs of stress, it is possible that a single-dose
administration may have an efficacious role for
individuals facing an acute stressor. The objec-
tive of this study was to investigate the efficacy
of AlphaWave� L-Theanine in response to acute
stress as assessed by EEG, salivary cortisol, BP,
and HR in a moderately stressed and otherwise
healthy adult population. It was hypothesized
that in response to a task designed to induce
stress, a single dose of AlphaWave� L-Theanine
would result in reduced psychological
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indicators of stress relative to placebo. This
study population represents the average North
American experiencing the daily stresses of life
associated with the activities and responsibili-
ties of work and daily living. Participants were
required to have regular sleep–wake cycles,
which was important to decrease confounding
variables that may have impacted study results.
This population self-reported being moderately
stressed with no pathologies during the global
SARS-CoV-2 pandemic.

METHODS

This randomized, triple-blind, placebo-con-
trolled, crossover study was conducted at the
KGK Science Inc. clinical site, London, ON,
Canada, from 15 June 2020 to 25 September
2020. The Natural and Non-Prescription Health
Products Directorate, Health Canada, Ottawa,
Ontario, approved this study on 19 December
2019, and research ethics board approval was
granted from the Institutional Review Board
(IRB) Services, Aurora, Ontario, on 10 January
2020 (Pro00041119). All participants provided
written informed consent to participate in the
study prior to initiation of any study proce-
dures. The study was conducted in accordance
with the Declaration of Helsinki guidelines and
its subsequent amendments and was carried out
in compliance with the International Council
for Harmonization of Technical Requirements
for Pharmaceuticals for Human Use (ICH)
Guideline for Good Clinical Practice (GCP). The
trial was registered at ClinicalTrials.gov
(NCT04706494).

Study Participants

Participants were men and women aged
19–60 years. All participants had moderate
levels of stress as assessed by scores of 14–26 on
the Perceived Stress Scale (PSS) [19]. Participants
were required to have regular sleep–wake cycles
defined as a bedtime between 9:00 pm and
12:00 am and between 7 and 9 h of sleep
nightly for at least 3 weeks prior to enrollment.
Sleep schedule, diet, supplement use, and exer-
cise were maintained throughout the study, and

participants were required to abstain from
exercise for 24 h prior to study visits.

Participants were excluded if they had any of
the following: self-reported epilepsy, seizures, or
clinical diagnosis of anxiety or depression;
employment that called for shift work that
would disrupt normal circadian rhythm or tra-
vel across one or more time zones during the
3 weeks prior to enrollment or during the study;
known allergies to the test product; a history of
alcohol or drug abuse within 12 months prior to
enrollment, reported high alcohol intake
defined as[ 2 standard drinks/day, use of
nicotine or tobacco products within 60 days of
enrollment, use of medical cannabis or chronic
use of cannabinoid products more than twice a
week (occasional use was assessed on a case-by-
case basis by the medical director); prescribed
use of antiepileptics, antiseizure, sedatives or
hypnotics, or antibiotics within 30 days of
enrollment, or use of L-theanine, melatonin,
valerian root, gamma-aminobutyric acid
(GABA), tart cherry, amla (Phyllanthus emblica),
ashwagandha (Withania somnifera), Rhodiola,
shatavari (Asparagus racemosus), or ginseng
supplements within 7–14 days of enrollment;
cognitive impairment and/or inability to give
informed consent, or chronic health conditions
including but not limited to diabetes, hyper-
tension, autoimmune or immune compro-
mised, kidney, liver or thyroid disease,
significant gastrointestinal tract disease, blood
or bleeding disorder, or any other condition
that in the opinion of the medical director may
have adversely affected their ability to complete
the study or its measures, or posed significant
risk to the participant.

Intervention

The investigational product (IP), AlphaWave�

L-Theanine (200 mg), and placebo (microcrys-
talline cellulose, hydroxypropyl methyl cellu-
lose) were provided as capsules by Ethical
Naturals, CA, USA. AlphaWave� L-Theanine
capsules also contained non-medical ingredi-
ents of microcrystalline cellulose, hydrox-
ypropyl methyl cellulose, and silicon dioxide.
All study products were identical in appearance
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(size, color, taste, texture, and packaging) to
make them indistinguishable to participants
and study personnel. Participants were admin-
istered a single capsule with 250 mL of room-
temperature water by a trained clinical coordi-
nator. The time of dosing was recorded, and the
timing of pre- and post-dose measurements
(HR, BP, salivary cortisol, and EEG), question-
naires (State-Trait Anxiety Inventory [STAI] and
visual analog scale [VAS]), and mental arith-
metic task (MAT) was based on the dose time.

Electroencephalogram (EEG)

EEG data were collected with a GRAEL 4K-EEG
amplifier and 32-electrode Quik-Cap (Com-
pumedics Neuroscan, NC, USA). For each EEG
recording, participants completed a 12-min
alpha task consisting of 3 min with eyes open,
3 min eyes closed, 3 min open, and 3 min
closed. During the eyes-open conditions, par-
ticipants were fixated on an ‘‘X’’ on the wall.
EEG data were filtered with a 0.1–50 Hz linear
finite impulse filter, and down-sampled from
512 to 256 Hz. Data were cleaned with an
independent component analysis and visual
inspection to remove artifacts from eye blinks,
movement, and noise. The power spectrum was
analyzed using fast Fourier transform (FFT) with
a 1 s Hamming window with 500 ms overlap.
Frequencies of interest were the alpha band
(8–12 Hz) and theta band (4–7 Hz).

Outcome Measures

The efficacy of a single dose of AlphaWave�

L-Theanine was assessed by EEG, salivary corti-
sol, BP, HR, the STAI, and a VAS of self-reported
stress. Relevant EEG channels were averaged to
calculate whole-scalp and frontal region alpha
power and midline theta power. Whole-scalp
alpha power was averaged across the entire
scalp, frontal region alpha power was averaged
across the frontal channels only, and midline
theta was the average theta power between the
Fz and FCz electrodes. Salivary cortisol was
collected with the Salimetrics high-sensitivity
salivary cortisol enzyme-linked immunoassay
(ELISA) kit and analyzed by London Health

Sciences Centre core laboratory (London, ON,
Canada).

Safety outcomes included post-emergent
adverse events, vital signs (BP and HR), clinical
chemistry, and hematology. Hematology (white
blood cell count with differential, red blood cell
[RBC] count, hemoglobin, hematocrit,
platelet count , RBC indices [mean corpuscular
volume, mean corpuscular hemoglobin (MCH),
MCH concentration, red cell distribution
width, mean platelet volume]), liver function
(alanine aminotransferase [ALT], aspartate
aminotransferase [AST], total bilirubin), kidney
function (creatinine, electrolytes [Na, K, Cl],
and estimated glomerular filtration rate [eGFR]),
and random glucose were analyzed from blood
drawn at all visits by Dynacare (London, ON,
Canada) using standard procedures.

Study Procedures

At screening, eligibility was assessed by the
Perceived Stress Scale (PSS), medical history,
vital signs, anthropometric measurements, and
hematology and clinical chemistry parameters.
Eligible participants were dispensed a saliva
collection kit and instructed on use. Partici-
pants returned for their baseline visit and were
randomized to one of two treatment sequences.
Immediately upon waking on the morning of
clinic days 1 and 2, participants were required
to collect a saliva sample according to the
instructions provided. In the study clinic, par-
ticipants were provided a standardized meal 2 h
prior to IP administration. One hour prior to IP
administration (-1 h), baseline measures were
collected for HR, BP, alpha task EEG, salivary
cortisol, STAI, and a VAS of stress. Participants
then completed a 10-min mental arithmetic test
(MAT) with simultaneous HR and BP measures.
During the MAT, participants were asked to
verbally perform serial subtractions of 7 from
700 while keeping pace with a metronome at 90
beats/min. Incorrect responses were corrected,
and participants were asked to start again from
700. With a neutral tone, the clinic staff
encouraged the participant to go faster and keep
pace with the metronome throughout the test
[20]. Following the MAT, saliva was collected,

Neurol Ther (2021) 10:1061–1078 1065



and participants completed the stress VAS and
STAI questionnaire (-30 min). Participants
were administered a single dose of AlphaWave�

L-Theanine or placebo. Forty-five minutes after
the single dose, participants completed the
MAT with simultaneous HR and BP measures,
followed by collection of salivary cortisol, alpha
task EEG, stress VAS, and the STAI questionnaire
(1 h). At 3 h post-dose, alpha task EEG was col-
lected. At the end of each clinic day, adverse
events (AEs), vital signs, hematology, and clin-
ical chemistry parameters were measured for
safety outcomes.

After a 7-day washout, participants returned
to the clinic for the second period of the cross-
over and were administered the alternate prod-
uct. All assessments from the first study period
were repeated.

Statistical Analysis

The planned total sample size was 16, with eight
randomized to each sequence. With this sample
size, it was possible to detect a difference in
mean change in salivary cortisol levels of
1.94 mmol/L and a difference in mean change
in relative alpha of 4% in a crossover design at
an unadjusted overall two-sided alpha of 5%,
80% power, and 20% attrition rate. The sample
size estimate for salivary cortisol was based on
findings from White et al. evaluating the effects
of an L-theanine-based nutrient drink on stress
among healthy adults using a similar study
design [21]. The difference in mean change in
salivary cortisol between L-theanine and pla-
cebo was -1.08 mmol/L, with a pooled standard
deviation of 2.26 mmol/L. The sample size for
the difference in mean change in relative alpha
is based on Ahn et al. [22], who evaluated the
effectiveness of a wearable EEG device in
assessing stress. The pooled standard deviations
for relative alpha power (for left and right)
before and after an arithmetic test were 3.62%
and 3.28%, respectively.

The intention-to-treat population consisted
of all participants who received either the IP or
placebo and for whom any post-randomization
efficacy information was available. Assessment
of mean change in outcomes between

AlphaWave� L-Theanine versus placebo was
conducted using a linear mixed effects model.
The model included treatment, sequence, and
period as fixed effects and subject as a random
effect while controlling for the period-depen-
dent baseline value. A within-group analysis of
efficacy endpoints was done using Student’s
paired t test or, in the case of intractable non-
normality, the Wilcoxon signed-rank test.
Within-group analyses were compared to base-
line (0 min). HR and BP were measured at 3-min
intervals for 15 min. At each time point, these
outcomes were compared between groups using
repeated-measures linear mixed effects models.

A descriptive analysis was provided for post-
emergent AEs which were presented along with
the system organ class (SOC), preferred term
(PT), and lowest-level term (LLT) by study arm.
The number of participants with at least one AE
was compared between study arms using Fish-
er’s exact test. For each group, the change in
each blood parameter from screening to end of
study was assessed using a paired Student’s t test
or Wilcoxon signed-rank test if not normally
distributed.

RESULTS

Thirty-six volunteers were screened for the
study, and 16 eligible participants were enrolled
and randomized to received AlphaWave�

L-Theanine—placebo (n = 8) or placebo—Al-
phaWave� L-Theanine (n = 8) (Fig. 1). One par-
ticipant in the placebo—AlphaWave�

L-Theanine arm dropped out of the study after
period 1. Participants’ demographics, anthro-
pometrics, and screening vital signs are pre-
sented in Table 1. Participants PSS scores ranged
from 14 to 26, indicative of moderate stress.

Electroencephalogram (EEG)

When participants were administered a single
dose of AlphaWave� L-Theanine they had
a significantly greater increase in frontal region
alpha power compared to placebo at 3 h post-
dose during the eyes-open portions of the alpha
task (p = 0.038) (Fig. 2). Frontal region alpha
power at 3 h was significantly greater than pre-
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dose with AlphaWave� L-Theanine over the
whole recording and during the eyes-open sec-
tions (p B 0.048) that were not observed when
participants took placebo. Average within-
group percent changes were 70.6% and 56.1%
for the whole and eyes-open portions of the
alpha task respectively. There was a trend
towards a significant increase at 3 h compared
to pre-dose with AlphaWave� L-Theanine in the
eyes-closed portions (p = 0.094), with a 51.5%
average within-group percent change.

There was a significant between-group
increase (p = 0.050) in whole-scalp alpha power
(Fig. 3) during the eyes-open portion of the EEG
alpha task in the AlphaWave� L-Theanine group
compared to placebo. Significant within-group
increases in whole-scalp alpha power during the
EEG alpha task were observed 3 h post-dose
compared to pre-dose with a single dose of
AlphaWave� L-Theanine over the whole
recording and during the eyes-open portions
(p B 0.026) that were not observed with pla-
cebo. Average within-group percent changes

Fig. 1 Participant disposition. Of the 36 volunteers who were screened, 16 eligible participants were enrolled and
randomized to receive AlphaWave� L-Theanine—placebo (n = 8) or placebo—AlphaWave� L-Theanine (n = 8)
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with AlphaWave� L-Theanine were 109.0% and
50.6% for the whole and eyes-open portions of
the task, respectively. There was a trend towards
a significant increase in whole-scalp alpha
power at 3 h with AlphaWave� L-Theanine in
the eyes-closed portions (p = 0.081), with
401.1% average within-group percent change.

There were no significant between- or
within-group differences in frontal midline
theta power.

Salivary Cortisol

There was a significantly greater decrease in
salivary cortisol at 1 h post-dose and following
the MAT test, when participants were adminis-
tered a single dose of AlphaWave� L-Theanine
compared to placebo (p\ 0.001) (Table 2).
Within-group reductions were observed at 1 h
compared to -1 h with a single dose of

AlphaWave� L-Theanine and placebo, respec-
tively (p B 0.004). The average within-group
percent changeswere-42.4% and-32.6%when
participants took AlphaWave� L-Theanine and
placebo, respectively.

Stress Response During MAT: Heart Rate,
Blood Pressure, STAI, VAS

A significant stress response was elicited during
the MAT test before and after the single dose
administration of the IP and placebo. This was
evidenced by within-group increases in HR with
both AlphaWave� L-Theanine and placebo at 3,
6, and 9 min compared to 0 min during the
MAT (p B 0.01) (Fig. 4). Pre-dose, there were
between-group differences in HR at 6 and
9 min, where increases compared to 0 min were
greater when participants had the placebo. Post-
dose, AlphaWave� L-Theanine had greater

Table 1 Demographics, anthropometrics, and screening vital signs for enrolled participants

Population demographics AlphaWave� L-Theanine—Placebo
Mean – SD (n)
Median (Min–Max)

Placebo—AlphaWave�

L-Theanine
Mean – SD (n)
Median (Min–Max)

Between-group
p value

Age (years)

Mean ± SD (n)

Median (Min–Max)

35.62 ± 12.65 (8) 38.75 ± 11.80 (8) 0.617

32.00 (19.00–58.00) 37.00 (24.00–60.00)

Female 6 (75.00%) 3 (37.50%) 0.315

Male 2 (25.00%) 5 (62.50%)

BMI (kg/m2) 24.54 ± 2.82 (8) 25.98 ± 2.21 (8) 0.276

24.80 (20.90–28.10) 25.40 (23.10–29.70)

Systolic blood pressure (mmHg) 111.25 ± 12.54 (8) 118.69 ± 9.82 (8) 0.208

109.25 (95.00–127.00) 118.50 (106.50–136.50)

Diastolic blood pressure (mmHg) 73.38 ± 7.56 (8) 79.31 ± 7.11 (8) 0.128

71.00 (63.00–85.50) 81.00 (65.00–87.50)

Heart rate (beats/min) 72.00 ± 12.04 (8) 67.12 ± 16.63 (8) 0.513

72.50 (52.67–87.33) 72.17 (43.00–87.00)

n number of participants, SD standard deviation, Min minimum, Max maximum, BMI body mass index
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increases from 0 min to 3 and 6 min (p B 0.024)
and placebo at 9 min (p = 0.004). These changes
in HR were accompanied by increases in systolic
and diastolic BP at several time points from 3 to
9 min (Fig. 5).

There were increases in state anxiety
(Table 3) and stress on the VAS (Table 4) during
the pre-dose MAT test (p B 0.002) with both
products, which were greater prior to the
AlphaWave� L-Theanine dose (p\0.001) rela-

tive to placebo. Post-dose there were no signif-
icant between- or within-group differences in
state anxiety or stress. Trait anxiety was not
affected by any product or at any time point.

Safety

All post-emergent AEs were categorized as ‘‘un-
related’’ or ‘‘unlikely’’ to be related to the IP.

Fig. 2 Mean frontal alpha power for AlphaWave�

L-Theanine and placebo at pre-dose, 1 h post-dose, and
3 h post-dose in the study population. Values presented are
mean ± standard error of mean (SEM); a indicates

different from pre-dose within-group p\ 0.05, # indicates
between-group p\ 0.05, a indicates a within-group trend
of p\ 0.1

Fig. 3 Mean whole-scalp alpha power AlphaWave�

L-Theanine and placebo at pre-dose, 1 h post-dose, and
3 h post-dose in the study population. Values presented are
mean ± standard error of the mean (SEM); a indicates

different from pre-dose within-group p\ 0.05, # indicates
between-group p\ 0.05, a indicates a trend of p\ 0.1
within-group
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There were no clinically relevant changes in
hematology or clinical chemistry from screen-
ing to day 8 in participants enrolled in this
study, with the exception of elevated AST and
ALT liver enzymes in one participant. The
incident finding was classified as unlikely to be
related to the product and did not have an
impact on study findings. With the exception of
this participant, all markers out of laboratory
range were deemed not clinically significant by
the medical director.

DISCUSSION

This clinical study assessed the efficacy and
safety of a single dose of AlphaWave� L-Thea-
nine on whole-scalp and frontal alpha power,
midline theta power, and salivary cortisol in
moderately stressed and otherwise healthy
adults in a population with moderate levels of
self-reported stress. The study was conducted
during the global SARS-CoV-2 pandemic, at a
time when there was an accentuation of the

Table 2 Salivary cortisol concentrations 1 h prior to IP administration (t = -1 h) and 1 h post-dose (t = 1 h) for Alpha-
Wave� L-Theanine and placebo

Salivary cortisol

Population demographics AlphaWave� L-Theanine
Mean – SD (n)
Median (Min–Max)
Within-group p value

Placebo
Mean – SD (n)
Median (Min–Max)
Within-group p value

Between groups
p value

-1 h 5.95 ± 3.87 (15) 5.46 ± 2.86 (16) 0.951 (r)

5.30 (1.50 to 18.40) 5.30 (1.50 to 11.60)

1 h 3.59 ± 4.73 (15) 3.36 ± 2.00 (16) 0.409 (r)

1.50 (1.50 to 20.00) 3.05 (1.50 to 7.40)

Change from -1 h to 1 h -2.35 ± 2.23 (15) -2.10 ± 1.94 (16) \ 0.001

-2.00 (-5.50 to 1.60) -2.25 (-5.70 to 1.00)

0.004 (w) 0.003 (w)

n number of participants, SD standard deviation, Min minimum, Max maximum

Fig. 4 Mean heart rate for AlphaWave� L-Theanine and
placebo at pre-dose, 1 h post-dose, and 3 h post-dose in the
study population. Values presented are mean ± standard
error of the mean (SEM); a indicates p\ 0.05 within

AlphaWave� L-Theanine compared to 0 min, b indicates
p\ 0.05 within placebo compared to 0 min, # indicates
the change from 0 min between-group p\ 0.05
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daily stresses of life when many people across
the world were experiencing higher than their
usual levels of stress. Following a task-induced
stress protocol and a single dose of AlphaWave�

L-Theanine, healthy adults showed significant
increases in whole-scalp and frontal region
alpha power in their brain and reductions in
salivary cortisol. To our knowledge, this is the
first study to investigate the effects of L-thea-
nine in a population of healthy adults reporting
moderate levels of stress.

The stress model used in this study was suc-
cessful in eliciting an acute stress reaction as
evidenced by the physiological and subjective
indications of stress. The expected physiological
changes during a stress test are increases in HR
and BP. The study results suggest that partici-
pants demonstrated these physiological
responses. These physiological changes were
confirmed by significant increases in self-re-
ported stress and state anxiety pre-dose. Study
findings suggest that the MAT test protocol was
effective in inducing an acute, stressful event
for the participants in this study and support its
use in future clinical trials in the nutraceutical
industry.

The effect of the stress test was observed in
EEG measured alpha waves through nonsignif-
icant reductions in whole-scalp and frontal
alpha power at 1 h post dose. Increases in
brainwave alpha power is considered to be
reflective of relaxation [16, 17]. Frontal region
alpha waves are observed during non-REM sleep

and meditation [17]. When participants
received the single dose of AlphaWave�

L-Theanine, they responded with significantly
increased frontal region alpha power during the
EEG recording at 3 h. In addition to the
improvement in frontal region alpha power,
there were significant within-group increases in
whole-scalp and frontal alpha power over the
full EEG recording and during the higher arou-
sal state, eyes-open portions with AlphaWave�

L-Theanine that were not observed when par-
ticipants consumed placebo. This is significant
because there is greater arousal and activation
with visual stimulation from eyes open com-
pared to eyes closed, resulting in expected dif-
ferences in alpha power [23]. Previous studies
have reported approximately 40% lower alpha
power with eyes open compared to closed [23].
By examining the eyes-open and eyes-closed
portions of the alpha task separately, the effects
of AlphaWave� L-Theanine in two arousal states
were assessed. Participants were exposed to task-
induced stress 1 h after consumption of the IP.
The results of this study are supported by pre-
vious reports of direct effects of L-theanine on
alpha waves in the occipital and parietal regions
of the brain [14, 16, 18]. The current study
investigated the effects of a single 200 mg dose
of AlphaWave� L-Theanine. A previous study
investigated the effects of lower, 50 mg doses of
L-theanine on alpha power and showed increa-
ses in a time-dependent manner for 105 min
[24]. The current work observed relaxation

Fig. 5 Mean systolic (solid) and diastolic (dashed) blood
pressure for AlphaWave� L-Theanine and placebo at pre-
dose, 1 h post-dose, and 3 h post-dose in the study
population. Values presented are mean ± standard error
of the mean (SEM); a indicates p\ 0.05 within

AlphaWave� L-Theanine compared to 0 min, b indicates
p\ 0.05 within placebo compared to 0 min, # indicates
the change from 0 min between-group p\ 0.05
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Table 3 State-Trait Anxiety Inventory domain scores before (-1 h) and after (-30 min) MAT test, and after Alpha-
Wave� L-Theanine administration (1 h)

State-Trait Anxiety Inventory (STAI)

Population demographics AlphaWave� L-Theanine
Mean – SD (n)
Median (Min–Max)
Within-group p value

Placebo
Mean – SD (n)
Median (Min–Max)
Within-group p value

Between-group
p value

State anxiety

-1 h 32.56 ± 11.53 (9) 34.67 ± 13.60 (9) 0.722

31.00 (20.00 to 53.00) 29.00 (20.00 to 56.00)

-30 min 40.22 ± 10.23 (9) 41.67 ± 13.44 (9) 0.769

45.00 (27.00 to 55.00) 46.00 (22.00 to 65.00)

1 h 32.56 ± 11.49 (9) 32.00 ± 10.62 (9) 0.892

28.00 (20.00 to 52.00) 28.00 (22.00 to 49.00)

Change from -1 h to -30 min 7.67 ± 7.98 (9) 7.00 ± 7.26 (9) 0.004

10.00 (-4.00 to 21.00) 6.00 (0.00 to 20.00)

0.020 0.020

Change from -1 h to 1 h 0.00 ± 5.77 (9) -2.67 ± 7.48 (9) 1.000

0.00 (-8.00 to 10.00) 0.00 (-22.00 to 2.00)

1.000 0.316

Trait anxiety

-1 h 41.00 ± 11.67 (9) 43.89 ± 12.70 (9) 0.314 (r)

36.00 (29.00 to 56.00) 38.00 (31.00 to 59.00)

-30 min 42.44 ± 13.69 (9) 44.78 ± 14.46 (9) 0.707

36.00 (26.00 to 63.00) 42.00 (30.00 to 67.00)

1 h 44.57 ± 13.89 (7) 43.75 ± 13.33 (8) 0.882

46.00 (27.00 to 61.00) 45.00 (29.00 to 60.00)

Change from -1 h to -30 min 1.44 ± 4.07 (9) 0.89 ± 3.33 (9) 0.195

1.00 (-3.00 to 10.00) -1.00 (-2.00 to 8.00)

0.318 0.430

Change from -1 h to 1 h 0.57 ± 3.91 (7) -1.75 ± 2.19 (8) 0.890

0.00 (-4.00 to 8.00) -2.00 (-5.00 to 2.00)

0.712 0.073 (w)

n number of participants, SD standard deviation, Min minimum, Max maximum
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effects that extended 3 h post-dose, therefore
demonstrating the efficacy of AlphaWave�

L-Theanine for longer periods of time than pre-
viously shown. Future work should continue to
investigate dose- and time-dependent effects of
AlphaWave� L-Theanine.

Supporting the efficacious changes to whole-
scalp and frontal alpha power, there was a sig-
nificant reduction in salivary cortisol with a
single dose of AlphaWave� L-Theanine relative
to the placebo, immediately following the
stress-inducing task 1 h post-dose. Cortisol plays
a crucial role in appropriating the functions
that are essential in curbing those that are
nonessential or detrimental to the flight-or-
fight situation and enhances brain activity.
Biologically active cortisol circulates in serum,
and salivary cortisol is indicative of circulating
levels and can be used as a noninvasive bio-
marker of stress in clinical research [25, 26].
Cortisol has a diurnal profile, with the onset of

the circadian rise occurring in the early morn-
ing with the acrophase of the profile upon
awakening and the levels decreasing thereafter
until reaching a nadir in the late afternoon [27]
in those who have a relatively consistent
sleep–wake cycle. The enrollment of partici-
pants who reported consistent sleep–wake
cycles ensured the integrity of the results
reported herein. The decrease in the cortisol
levels is consistent with what would be expec-
ted in both the placebo and the IP group, as it
would reflect the cortisol decrease in the diurnal
profile. However, there was a greater decrease in
cortisol when participants were given a single
dose of AlphaWave� L-Theanine versus when
they received placebo. Interestingly, a previous
study observed that reductions in salivary cor-
tisol were only significant 3 h after a single
L-theanine dose and not at the 1-h time points
[21]. Studies have indeed shown that an inverse
relationship exists between alpha power and

Table 4 Visual analog scale (VAS) stress before (t = -1 h) and after (t = -30 min) MAT test, and after AlphaWave(R)

L-Theanine administration (t = 1 h)

Stress—Visual Analog Scale (VAS)

Population demographics AlphaWave� L-Theanine
Mean – SD (n)
Median (Min–Max)
Within-group p value

Placebo
Mean – SD (n)
Median (Min–Max)
Within-group p value

Between-group
p value

-1 h 16.20 ± 16.54 (15) 18.88 ± 18.59 (16) 0.536 (r)

10.00 (0.00 to 50.00) 13.50 (0.00 to 60.00)

-30 min 40.47 ± 21.16 (15) 40.25 ± 20.84 (16) 0.964

48.00 (6.00 to 70.00) 40.50 (4.00 to 70.00)

1 h 18.80 ± 18.62 (15) 22.50 ± 16.48 (16) 0.464 (r)

10.00 (0.00 to 50.00) 18.50 (0.00 to 54.00)

Change from -1 h to -30 min 24.27 ± 19.20 (15) 21.38 ± 22.17 (16) \ 0.001 (r)

20.00 (-3.00 to 62.00) 10.00 (-6.00 to 70.00)

0.001 (w) 0.002

Change from -1 h to 1 h 2.60 ± 12.03 (15) 3.62 ± 12.40 (16) 0.529 (r)

0.00 (-16.00 to 32.00) 0.00 (-10.00 to 39.00)

0.582 (w) 0.260

n number of participants, SD standard deviation, Min minimum,Max maximum
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cortisol levels [28]. Interestingly, cortisol
appears to not always provide the same
response when cortical activity is examined. For
example, Tops et al. found the opposite
response to one of their previous studies when
examining the effects of cortisol administration
and cortical activity [29]. A likely explanation
for this finding is that cortisol is just one of the
many factors that impacts alpha power, and it
does not provide the full story. Indeed, alpha
activity is not only associated with arousal state,
but indexes the operation of selective attention
[30]. With L-theanine supplementation, alpha
amplitude has been demonstrated to be lower in
the pre-response and in response to visual and
auditory cues compared to placebo [31]. The
current study suggests that the L-theanine for-
mulation used in this study showed efficacy as
early as 1 h after AlphaWave� L-Theanine
administration. Future work is warranted to
investigate the long-term effects of a single dose
of AlphaWave� L-Theanine, as well as the pos-
sibility of using AlphaWave� L-Theanine in
longer-term studies in populations that are
vulnerable to stress or populations that have
received a diagnosis such as general anxiety
disorder.

There is long-term potential for L-theanine
supplementation for acute and chronic stress
management based on the results of this study
and previous work [32, 33]. Following the MAT
task, there was a significant increase in self-re-
ported state anxiety and no significant changes
to trait anxiety. These findings are expected, as
state anxiety is reflective of a temporary
response to a specific situation, and trait anxiety
is a general tendency and personality feature to
react to stressful situations in a certain way [34].
Four weeks of supplementation with 200 mg of
L-theanine has been shown to improve trait
anxiety scores [35], suggesting that continued
supplementation with AlphaWave� L-Theanine
may have positive effects on trait anxiety as
well, which may be an important application in
longer-term stress management.

The pandemic has had a rapid and signifi-
cant effect on both physical and mental health
around the world. Systematic reviews and meta-
analyses have reported a high prevalence of
stress associated with the pandemic in over 23%

of the general population in Europe, North
America, and Asia [36, 37]. The societal and
health burden that may be incurred as a result
of additional stress outcomes related to the
pandemic warrants safe and efficacious
nutraceutical supplements to manage stress,
and is a potential application for AlphaWave�

L-Theanine requires further attention.
The following limitations to the application

of these results should be considered. The pop-
ulation of participants enrolled in this study
were those who attested to moderate levels of
self-reported stress and did not have a clinical
diagnosis of anxiety or depression; therefore,
future research is needed to determine the effi-
cacy of AlphaWave� L-Theanine in clinical
populations. In this study, participants were
administered a 200 mg single dose of Alpha-
Wave� L-Theanine, and the response to an acute
stress model was investigated; thus, the efficacy
of long-term supplementation with Alpha-
Wave� L-Theanine on moderately stressed
healthy adults is currently unknown and war-
rants further investigation. There have, how-
ever, been studies investigating the effects of
8–10 weeks of 250–900 mg/day of L-theanine
supplementation in patient populations. In
patients with schizophrenia and schizoaffective
disorder, 8 weeks of 400 mg/day of L-theanine
supplementation resulted in no treatment-re-
lated AEs being reported [33]. In an open-label
study involving patients with major depressive
disorder [38], 8 weeks of 250 mg/day of L-thea-
nine supplementation saw a decrease in high-
density lipoprotein (HDL) cholesterol. However,
the authors noted that HDL cholesterol was still
considered normal (57.6 mg/dL) and well above
the lower-limit safety range (40 mg/dL). Finally,
in patients with generalized anxiety disorder
taking 450 mg/day of L-theanine for 4 weeks,
and then approximately half of the patients
increasing to 900 mg/day for an additional
4 weeks, there was no difference in the amount
or severity of AEs reported between the two
L-theanine groups or the placebo group [32].
These studies speak to the safety of long-term
use of L-theanine supplementation for various
indications. Therefore, future research is war-
ranted in long-term supplementation with
L-theanine in the formulation and dosage used
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in the current study in moderately stressed but
otherwise healthy adults.

The current study provides evidence for the
safety and tolerability of a single dose of
AlphaWave� L-Theanine in healthy adults
between the ages of 19 and 60 years. There were
no adverse events reported in this study that
were classified as possibly related to the study
product. This evidence of a good safety profile is
an important step towards investigating longer-
term AlphaWave� L-Theanine supplementation
in vulnerable populations such as those expe-
riencing chronic stress or burnout. It is note-
worthy that significant results were obtained
with a single dose in an acute stress model and
free-living population of participants during a
pandemic, thus meriting further research on
continued AlphaWave� L-Theanine supple-
mentation. To support the continued use of
L-theanine supplementation, L-theanine sup-
plementation is generally well tolerated in
humans [13], with no studies reporting toxicity
in human or animal models [39]. In clinical
populations receiving 400–900 mg/day of
L-theanine supplementation for 8 weeks for
treatment of general anxiety disorder [32] and
schizophrenia [33] did not result in serious
adverse events compared to placebo. Addition-
ally, the US Food and Drug Administration
states that daily consumption of L-theanine
should not be greater than 1200 mg/day [39]
and Health Canada suggests 200–250 mg/day
with no known contraindications or adverse
reactions [40]; therefore, as the dosage investi-
gated in this study is below the FDA limit and
within the limits of the Health Canada recom-
mendation, the single dose of 200 mg of
AlphaWave� L-Theanine is deemed to be safe
and well tolerated.

CONCLUSIONS

A single dose of AlphaWave� L-Theanine
improved the physiological indicators of acute
stress in response to the MAT test compared to
the placebo, including frontal region alpha
power and salivary cortisol, in moderately
stressed but otherwise healthy adults. This is
significant, as increases in brainwave alpha

power is considered to reflect relaxation in the
brain, suggesting a calming effect of Alpha-
Wave� L-Theanine. The randomized, triple-
blind, placebo-controlled study design is rigor-
ous and is the gold standard for investigating
the efficacy of an investigational product. Fur-
ther, the crossover study design controls for
confounding factors between individual par-
ticipants by measuring the effects from the
single dose of AlphaWave� L-Theanine and
placebo in the same participant. A single dose of
AlphaWave� L-Theanine was found to be effi-
cacious, safe, and well tolerated, and should be
considered as a nutraceutical supplement to
manage acute stress.
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