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ABSTRACT

Background: Prolonged periods of stress 
may lead to negative health consequences. 
 AlphaWave® l-Theanine was safe and effica-
cious during an acute stress challenge. However, 
double-blind, placebo-controlled clinical trials 
investigating the longer term effects of l-thea-
nine supplementation on stress are warranted.
Methods: Thirty healthy adults (18–65 years) 
with moderate stress were randomized to 
 AlphaWave® l-Theanine (400 mg l-theanine/
day) or placebo (n = 15/group) for 28 days. Stress 
was assessed by salivary cortisol, Perceived Stress 
Scale (PSS) and Depression, Anxiety and Stress 
Scale-21; sleep was assessed by the Healthy Peo-
ple Sleep Quality Index and actigraphy device; 
cognition was assessed by Computerized Men-
tal Performance Assessment System; mood was 

assessed by Profile of Mood States. All outcomes 
were measured at baseline, Days 14 and 28. 
Safety included vital signs, clinical chemistry, 
haematology and adverse events (AEs).
Results: All AEs were resolved by the end of 
the study period or upon subsequent follow 
up, and out of range laboratory values and 
changes in vital signs were deemed not clini-
cally relevant following  AlphaWave® l-Theanine 
supplementation. Participants supplemented 
with  AlphaWave® l-Theanine had decreases of 
12.92% (p = 0.051) and 17.98% (p = 0.04) in PSS 
scores after 14 and 28 days, respectively, while 
those on placebo had respective decreases of 
9.74% (p = 0.061) and 17.88% (p = 0.009). There 
were no significant differences between groups 
for change in salivary cortisol. The  AlphaWave® 
l-Theanine group demonstrated decreased time 
asleep after 28 days and significantly reduced 
light sleep after 14 and 28 days compared to 
placebo (p ≤ 0.040). The  AlphaWave® l-Thea-
nine group significantly improved by 21.79% 
and 21.33% in Stroop test correct reaction time 
after 14 and 28 days, respectively, while those on 
placebo improved after 28 days only (p = 0.005).
Conclusions: AlphaWave® l-Theanine sup-
plementation for 28 days was safe and signifi-
cantly decreased perceived stress significantly 
decreased perceived stress and light sleep, 
improved sleep quality and enhanced cognitive 
attention in the studied population. Larger, ran-
domized controlled trials with longer duration 
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of  AlphaWave® l-Theanine supplementation are 
warranted to reduce inter-individual variability 
and the potential placebo effect.
Trial Registration: ClinicalTrials.gov identifier, 
NCT05808595.

Keywords: Cognition; l-Theanine; Mental 
health; Mood; Stress

Key Summary Points 

Why carry out this study?

Stress is a normal human reaction when 
faced with daily challenges; however, pro-
longed periods of stress can lead to nega-
tive health consequences. Safe and effective 
alternative therapy may present an opportu-
nity to address the burden of stress in healthy 
populations

AlphaWave® l-Theanine has been previously 
shown to significantly increase alpha power, 
a surrogate marker of relaxation, compared 
to placebo, when moderately stressed adults 
were faced with an acute stress challenge

This study examined the efficacy and safety 
of  AlphaWave® l-Theanine on stress among 
a moderately stressed, healthy adult popula-
tion over a period of 28 days

What was learned from the study?

AlphaWave® l-Theanine supplementation 
was safe and well tolerated in a population of 
healthy adults with moderate stress, further 
supporting the previously reported safety 
profile

Supplementation with  AlphaWave® l-Thea-
nine significantly decreased perceived stress 
and improved cognitive attention from 
baseline in the studied population. There was 
no change in salivary cortisol, and a placebo 
effect was observed

Future larger randomized controlled trials 
with longer  AlphaWave® l-Theanine supple-
mentation are warranted

INTRODUCTION

Stress is a normal human reaction when faced 
with daily challenges, which can involve both 
physiological and psychological responses [1]. 
While stress responses are normal and can be 
healthy, prolonged periods of stress can lead to 
negative health consequences [1] and mental 
health disorders such as anxiety and depression. 
In 2020, 21% of Canadian adults reported “most 
days quite a bit or extremely stressful” [2] while 
55% of Americans reported they were stressed 
in a 2019 survey [3]. Stress negatively affects 
quality of life as it leads to tiredness, declines 
in mood, increased anxiety, and reduced sleep 
quality. Many existing strategies that aim to 
manage or reduce stress levels promote the for-
mation of healthy habits such as exercising, 
deep breathing and mindfulness meditation 
[4]. However, these strategies require sustained 
compliance to be effective, and it may be chal-
lenging to incorporate into daily routine. Cur-
rently available drug treatments that may be 
used for managing the symptoms of stress (e.g., 
trouble sleeping) can also result in undesirable 
side effects [5]. Therefore, safe, sustainable and 
effective natural therapy may present an oppor-
tunity to address the burden of stress in healthy 
populations.

l-Theanine is a water-soluble, non-protein 
amino acid predominantly found in green tea 
leaves that has been shown as an emerging 
option for stress management [6]. The calming 
effects of l-theanine are believed to be medi-
ated by inhibition of glutamate reuptake, block-
ing of hippocampal glutamate receptors and 
increase in gamma aminobutyric acid, dopa-
mine and serotonin in some areas of the brain 
[7].  AlphaWave® l-Theanine is a dietary supple-
ment containing 200 mg of l-theanine per cap-
sule. Previously,  AlphaWave® l-Theanine sup-
plementation demonstrated significantly greater 
increases in alpha power, a surrogate marker of 
relaxation, compared to placebo when moder-
ately stressed adults were faced with an acute 
stress challenge [8]. Other studies examining 
l-theanine have also shown improvements in 
markers of stress among healthy populations 
in acute [9, 10] and chronic [11, 12] settings. 
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However, examination of higher doses for longer 
durations to better understand the stress-reliev-
ing potential of l-theanine is warranted. There-
fore, the objective of the current study was to 
examine the safety and efficacy of  AlphaWave® 
l-Theanine on stress in a moderately stressed, 
healthy adult population.

METHODS

Registration and Regulatory Approvals

This study was conducted at KGK Science Inc. 
(London, Ontario, Canada) from April 2023 to 
July 2023 (clinicaltrials.gov ID: NCT05808595). 
This study was reviewed by the Natural and Non-
Prescription Health Product Directorate, Health 
Canada, with notice of authorization granted on 
January 31, 2023. Research ethics board approval 
was granted on March 3, 2023, by Advarra 
(Aurora, Ontario, Canada; Pro00069946). Con-
solidated Standards of Reporting Trials (CON-
SORT) guidelines for randomized controlled 
trials were followed [13] (Table S1), and writ-
ten informed consent was obtained from all 
participants prior to participation in the study. 

The study was conducted in compliance with 
the International Council for Harmonization 
of Technical Requirements for Pharmaceuticals 
for Human Use (ICH) Guideline for Good Clini-
cal Practice (GCP) and in accordance with the 
Declaration of Helsinki guidelines and its sub-
sequent amendments.

Study Design and Population

This randomized, double-blind, placebo-con-
trolled, parallel clinical trial consisted of a 7-day 
run-in period followed by a 28-day supplemen-
tation period in which participants were rand-
omized to receive either  AlphaWave® l-Theanine 
or placebo at baseline (Day 0) (Fig. 1). Partici-
pants were healthy adults aged 18–65  years 
with moderate stress as determined by a score 
of 14–26 on the Perceived Stress Scale (PSS) who 
agreed to maintain their current lifestyle, avoid 
high caffeine consumption (e.g., > 2 cups caffein-
ated coffee or tea per day) throughout the study 
and avoid vigorous physical activity 24-h prior 
to study visits.

Individuals were excluded if they were preg-
nant, breastfeeding or planning to become 
pregnant during the trial; had allergies to 

Fig. 1  Study design
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the study products; were employed in rotat-
ing shift work or travelled across one or more 
time zones in the 3 weeks preceding the run-
in period and/or during the study that would 
have disrupted normal circadian rhythm; had 
a self-reported diagnosis of a neuropsychiat-
ric and/or cognitive impairment or a stress 
or sleep disorder as assessed by the Qualified 
Investigator (QI); had self-reported alcohol or 
drug abuse within the last 12 months; used 
medications, foods, and/or drinks which may 
affect stress, sleep, cognition and/or mood; or 
had any other condition or lifestyle factor that 
may have adversely affected the participant’s 
ability to complete the study or posed signifi-
cant risk to the participant.

Investigational Products

Each capsule of  AlphaWave® l-Theanine con-
tained 200 mg l-theanine and microcrystalline 
cellulose, hydroxypropyl methyl cellulose and 
silicon dioxide (Ethical Naturals, Inc., Redwood 
City, CA, USA). The placebo contained micro-
crystalline cellulose and hydroxypropyl methyl 
cellulose. Participants were instructed to take 
one capsule twice daily, once in the morning 
and once in the evening, starting on Day 1. If 
a dose was missed, participants were instructed 
to take the missed dose immediately once 
noticed unless it was noticed within 2 h of tak-
ing their next dose, in which case participants 
were instructed to record the missed dose in the 
study diary and continue with their regular dos-
ing schedule.

Randomization and Blinding

At the baseline visit, a randomization number 
was assigned to the participant by a blinded 
investigator per the order of the randomization 
list (www. rando mizat ion. com). Investigators, 
site personnel, and participants were blinded to 
the products. The study products were identi-
cal in appearance and sealed in identical bottles 
to ensure allocation concealment. The bottles 
were labelled by personnel not involved in study 

assessments per the requirements of the ICH-
GCP and applicable local regulatory guidelines.

Study Outcomes

The primary outcome was the difference in 
change in stress as assessed by salivary cor-
tisol from baseline at Day 14 and 28 between 
 AlphaWave® l-Theanine and placebo.

Secondary outcomes were differences in 
change from baseline at days 14 and 28 in the 
following measures: (1) stress as assessed by the 
PSS and Depression, Anxiety and Stress Scale-21 
(DASS-21), (2) sleep as assessed by Healthy Peo-
ple Sleep Quality Index (HPSQI) and actigraphy 
device, (3) cognition as assessed by Computer-
ized Mental Performance Assessment System 
(COMPASS) and (4) mood as assessed by Profile 
of Moods (POMS).

Study Assessments

Salivary cortisol Participants collected salivary 
cortisol samples in the evening before and the 
morning of each study visit using the sample 
collection kit provided. The morning and even-
ing samples were collected within 30 min of 
waking and 30 min before going to bed, respec-
tively. Participants were instructed to refrain 
from brushing their teeth, eating or drinking 
for 30 min before collecting the samples. Partici-
pants were instructed to record the time of the 
sample collection in the study diary and follow 
all provided collection and storage instructions.

Perceived Stress Scale The PSS-10 is a validated 
self-reported tool for the assessment of per-
ceived stress [14]. The questions were scored 
on a 5-point Likert scale, with the scores of the 
positive items (items 4, 5, 7, 8) reversed and the 
total score computed by adding the individual 
scores for each of the ten questions. Scores rang-
ing from 0–13, 14–26 and 27–40 were consid-
ered low stress, moderate stress and high stress, 
respectively.

Depression, Anxiety and Stress Scale-21 The 
DASS-21 is a self-reported tool that measures 
depression, anxiety and stress over the past week 
and is comprised of three scales (depression, 

http://www.randomization.com
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anxiety, stress), each containing seven items 
[15]. The scores for each item range from 0 to 
3, where 0 indicates “Did not apply to me at 
all” and 3 indicates “Applied to me very much 
or most of the time”. Scores for each scale were 
computed by taking the sum of the items and 
multiplied by two.

Computerized Mental Performance Assessment 
System COMPASS is used to assess cognitive 
function and has been reported to be sensitive 
to nutritional interventions [16, 17]. COMPASS 
delivers randomly generated tasks for each par-
ticipant that are selected from a wide range of 
pre-programmed standard cognitive tests based 
on the objective of a study. The Stroop Test, Sim-
ple Reaction Time and Choice Reaction Time 
tasks were used to assess attention.

Profile of Mood States The POMS is a self-
reported assessment of mood [18]. Responses 
to questions are used to generate a Total Mood 
Disturbance score as well as scores for Anger-
Hostility, Confusion-Bewilderment, Depression-
Dejection, Fatigue-Inertia, Tension-Anxiety, 
Vigor-Activity and Friendliness subscales.

Actigraphy The BioStrap (Bradbury, CA, USA) 
provides objective measures of sleep quality. 
Participants wore the actigraphy device on 
their non-dominant arm during sleep hours 
for a total of seven nights leading up to each 
study visit and brought their device to each visit 
for a check-in and review of sleep data. Given 
the potential physical inconveniences partici-
pants may have experienced while acclimat-
ing to wearing the actigraphy device, the first 
two nights of each seven-night period were 
considered an acclimation period and were not 
included in the statistical analysis. Participants 
were instructed to record details pertaining to 
use of the actigraphy device in the study diary.

Healthy Person Sleep Quality Index The HPSQI 
provides subjective measures of sleep quality 
[19]. The questionnaire measures sleep effi-
ciency, perceived sleep debt, sleep difficulty and 
sleep-related quality of life and is comprised of 
19 questions. Five questions relate to sleep hab-
its for the previous seven days including five 
weekdays and two weekend days. The remaining 
questions were scored on a five-point Likert scale 
ranging from ‘strongly disagree’ to ‘strongly 
agree’.

Safety Safety was assessed by adverse events 
(AE), vital signs, clinical chemistry and haema-
tology. Participants recorded any changes in 
health in the study diary. The severity of an AE 
was classified as ‘mild’, ‘moderate’ or ‘severe’, 
and the degree of relationship between the 
study product and an AE was categorized as ‘not 
related’, ‘unlikely’, ‘possibly’, ‘probably’ and 
‘most probably’, as determined by the QI.

Study Procedures

Study visits occurred at baseline, Days 14 and 
28, with touchpoints (email or phone contact) 
conducted on Days 7 and 21 to monitor study 
product compliance and any changes in health. 
Participants were instructed to complete the 
study diary daily. At each study visit, partici-
pants returned collected saliva samples, com-
pleted study diaries and actigraphy device, had 
vital signs measured, and completed the PSS, 
DASS-21, POMS, HPSQI, and COMPASS. Urine 
pregnancy tests for females of child-bearing 
potential were completed at screening, baseline 
and end of study. Clinical chemistry and hae-
matology for safety were conducted at screening 
and end of study.

To assess compliance, participants were 
instructed to record study product consumption 
in their study diary daily and to return unused 
and open product at their next study visit. Com-
pliance was computed by dividing the number 
of doses consumed by the number of doses 
expected to have been consumed multiplied by 
100. If there was a discrepancy between compli-
ance reporting methods noted above, compli-
ance was based on returned packages unless a 
reason was given for product loss.

Statistical Analyses

Based on a previous study by Kell et al. [20], a 
sample size of 24 participants (n = 12 per group) 
was estimated to detect a difference in mean 
change in salivary cortisol of 8.5 nmol/l between 
the IP and placebo groups from baseline to end-
of-study with standard deviations of 5.0 nmol/l 
for the IP group and 7.0 nmol/l for the placebo 
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group. This estimate achieves 90% power at a 
5% significance level using two-sample t-test. 
The sample size was increased to n = 15 partici-
pants per group (total n = 30 participants) to 
account for a 20% attrition rate.

All statistical analyses were performed using 
the R Statistical Software Package Version 4.2.1. P 
values ≤ 0.05 were considered statistically signifi-
cant. Summary statistics including means, medi-
ans, standard deviations, minimum, maximum 
and proportions (if categorical) were obtained 
for primary and secondary outcomes at baseline, 
other timepoints and changes from baseline at 
each timepoint (for continuous outcomes). For 
continuous study outcomes, between-group dif-
ferences were evaluated by two-sample t-test or 
Wilcoxon rank sum test and within-group differ-
ences were assessed by paired t-test or Wilcox-
on’s signed rank test [8]. For categorical study 
outcomes, between-group dissimilarities were 
evaluated using Fisher’s exact test. Results are 
presented as mean ± standard deviation unless 
indicated otherwise. Analyses are reported for 
the intention-to-treat (ITT) and safety popula-
tion consisting of all participants who received 
study product and had post-randomization effi-
cacy data available [8].

RESULTS

Study Population

A total of 48 individuals were screened with 30 
participants eligible and enrolled in the study 
(Fig.  2). Fifteen participants were randomly 
assigned to either  AlphaWave® l-Theanine or pla-
cebo, and all participants completed the study. 
The mean age of participants in the  AlphaWave® 
l-Theanine group was 42.47 ± 14.37 years with 
80% female participants. The placebo group 
had a mean age of 39.60 ± 10.22 years with 67% 
females. There were no significant differences 
in demographic characteristics between groups 
(Table 1). Overall study product compliance was 
101.78 ± 7.82% for the  AlphaWave® l-Theanine 
group and 101.70 ± 3.04% for the Placebo group 
with no significant difference between groups. 

Safety

A total of nine adverse events (AEs) were 
reported by six unique participants (Table 2). 
There were eight AEs reported by five partici-
pants supplemented with  AlphaWave® l-Thea-
nine and one AE reported by a participant on 
placebo. Two AEs, metallic taste and dry mouth, 
reported by two participants in the  AlphaWave® 
l-Theanine group were classified as mild and 
possibly related to the IP. No other AEs were 
deemed related to the study products, and all 
AEs were resolved by the end of the study period 
or upon subsequent follow up. All out of range 
laboratory values were deemed not clinically 
relevant by the QI, and there were no clinically 
relevant changes in vital signs.

Salivary Cortisol

Mean morning salivary cortisol levels were 
significantly higher at baseline for the pla-
cebo group compared to  AlphaWave® 
l-Theanine (17.05 ± 7.36 vs. 12.64 ± 9.58; 
p = 0.028). Participants supplemented with 
 AlphaWave® l-Theanine had decreases of 
13.84% (− 1.75 ± 9.80  nmol/l) and 7.75% 
(− 0.98 ± 12.15 nmol/l) in morning salivary cor-
tisol from baseline at Days 14 and 28, respec-
tively (all p > 0.05). Participants on placebo had 
decreases of 29.85% (− 5.09 ± 10.10 nmol/l) and 
29.44% (− 5.02 ± 10.02 nmol/l) at Days 14 and 
28, respectively (all p > 0.05). There were no 
other significant differences in morning or even-
ing salivary cortisol (data not shown).

Perceived Stress Scale

Participants supplemented with  AlphaWave® 
l-Theanine had decreases in PSS scores from 
baseline at Days 14 (p = 0.051) and 28 (p = 0.04) 
(Fig. 3). Those on placebo had decreases at Days 
14 (p = 0.061) and 28 (p = 0.009). There were no 
significant differences between groups.
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Computerized Mental Performance 
Assessment System

Participants supplemented with  AlphaWave® 
l-Theanine had decreases in correct reaction 
time (RT) during the Stroop test from base-
line at Days 14 (p = 0.037) and 28 (p = 0.013) 
(Table  3). Those on placebo had a decrease 
from baseline at Day 28 (p = 0.005) in Stroop 

test correct RT with no significant difference 
at Day 14 (p = 0.108). There were no significant 
between-group differences in RT outcomes.

For accuracy outcomes, all participants in 
the placebo group scored 100% for percent 
correct in the Stroop test at baseline com-
pared to eight participants in the  AlphaWave® 
l-Theanine group (p = 0.039). For incongruent 

Fig. 2  Disposition of study participants. ITT intention to treat
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Table 1  Demographic information for the ITT population (n = 30)

Variable Placebo (n = 15) AlphaWave® l-theanine 
(n = 15)

P value 
Between 
groups

Age (years)

Mean ± SD 39.60 ± 10.22 (15) 42.47 ± 14.37 (15) 0.535

Gender (n, %)

 Female 10 (66.67%) 12 (80.00%) 0.682

 Male 5 (33.33%) 3 (20.00%)

Race (n, %)

 African American or Black 0 (0.00%) 1 (6.67%) 0.350

 Central American 1 (6.67%) 0 (0.00%)

 East Asian 1 (6.67%) 0 (0.00%)

 Eastern European White 3 (20.00%) 2 (13.33%)

 Middle Eastern 0 (0.00%) 2 (13.33%)

 South American 1 (6.67%) 0 (0.00%)

 South Asian 0 (0.00%) 1 (6.67%)

 South East Asian 2 (13.33%) 0 (0.00%)

 Western European White 7 (46.67%) 9 (60.00%)

Ethnicity (n, %)

 Hispanic or Latino 2 (13.33%) 0 (0.00%) 0.483

 Not Hispanic or Latino 13 (86.67%) 15 (100.00%)

Alcohol frequency (n, %)

 Monthly: 1 to 3 times per month 3 (20.00%) 2 (13.33%) 1.00

 Not at all 8 (53.33%) 8 (53.33%)

 Weekly: 1–2 times per week 4 (26.67%) 4 (26.67%)

 Weekly: 3–6 times per week or more 0 (0.00%) 1 (6.67%)

Are you currently following any specific diet?

 No 13 (86.67%) 14 (93.33%) 1.00

 Yes 2 (13.33%) 1 (6.67%)

How would you rate the quality of your diet overall?

 High 3 (20.00%) 4 (26.67%) 1.00

 Medium 12 (80.00%) 11 (73.33%)

Do you regularly exercise?
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percent correct, all participants on placebo and 
62% of those supplemented with  AlphaWave® 
l-Theanine scored 100% at baseline (p = 0.039). 
There were no other significant between- or 
within-group differences for Stroop test accu-
racy outcomes.

There were no significant differences in simple 
reaction time or choice reaction time outcomes 
(data not shown).

Depression, Anxiety and Stress Scale

Total DASS-21 score decreased from baseline 
at Day 28 for those on placebo compared to 
participants supplemented with  AlphaWave® 
l-Theanine (− 9.20 ± 7.70 vs. 1.07 ± 13.43; 
p = 0.017). Similarly, stress subscale score 
decreased in the placebo group compared to 
the  AlphaWave® l-Theanine group from base-
line at Day 28 (− 4.67 ± 3.44 vs. 0.53 ± 6.52; 
p = 0.012). There were no other significant 
between-group differences in total and stress 
subscale DASS-21 scores. Participants sup-
plemented with  AlphaWave® l-Theanine 
had a 1.60 ± 8.25 and 1.33 ± 4.82 decrease in 
total score and stress subscale scores, respec-
tively, from baseline at Day 14 with respective 

decreases of 5.60 ± 10.70 and 2.53 ± 4.93 for 
those on placebo (all p > 0.05).

For the anxiety subscale, the  AlphaWave® 
l-Theanine group had a greater score compared 
to placebo at Day 14 (5.60 ± 4.48 vs. 2.80 ± 3.45; 
p = 0.020). There were decreases in scores of 
0.27 ± 2.37 and 0.13 ± 3.81 in the  AlphaWave® 
l-Theanine group and decreases of 1.73 ± 4.46 
and 1.87 ± 4.24 in the placebo group from 
baseline at Days 14 and 28, respectively (all 
p > 0.05). There was no difference in the change 
in depression subscale score for participants 
supplemented with  AlphaWave® l-Theanine, 
but those on placebo reported a significant 
decrease from baseline at Day 28 (− 2.67 ± 4.45; 
p = 0.025).

Actigraphy Device and Healthy People Sleep 
Quality Index

Mean time asleep was significantly higher 
at baseline for the  AlphaWave® l-Theanine 
group compared to placebo (Table  4). The 
 AlphaWave® l-Theanine group had a signifi-
cant decrease in time asleep from baseline 
at Day 28 and in light sleep from baseline at 
Days 14 and 28 compared to placebo (Table 4). 
There were no significant between-group dif-
ferences in subjective sleep data reported from 
the HPSQI (data not shown).

Table 1  continued

Variable Placebo (n = 15) AlphaWave® l-theanine 
(n = 15)

P value 
Between 
groups

 No 4 (26.67%) 5 (33.33%) 1.00

 Yes 11 (73.33%) 10 (66.67%)

Does the participant perform any vigorous exercise?

 No 11 (73.33%) 12 (80.00%) 1.00
 Yes 4 (26.67%) 3 (20.00%)

ITT, intention to treat; n, number of participants; SD, standard deviation
P-values for categorical variables were calculated using Fisher’s exact test
P-values for continuous variables were calculated using t-test
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Profile of Mood States

There were no significant between-group dif-
ferences in POMS scores nor were there any 
significant differences for participants sup-
plemented with  AlphaWave® l-Theanine. The 
placebo group had significant decreases in 
Total Mood Disturbance, Fatigue-Inertia and 
Tension-Anxiety from baseline at Days 14 and 
28 and in Depression-Dejection from baseline 
at Day 28 (all p < 0.05; Table S2).

DISCUSSION

This randomized, double-blind, placebo-con-
trolled clinical trial demonstrated that 28-day 
supplementation with  AlphaWave® l-Theanine 
was safe and well tolerated in a population of 
healthy adults with moderate stress, further 
supporting the previously reported safety 
profile [8]. All reported AEs were resolved by 
the end of the study or upon subsequent fol-
low up with no clinically relevant changes in 
vital signs, haematology or clinical chemistry 

Table 2  Listing of all post-emergent adverse events in the safety population (n = 30)

Participant ID Group System organ 
class

Preferred term Lower-level 
term

Intensity Outcome Relationship

LND-020 AlphaWave® 
l-theanine

Injury, poison-
ing and 
procedural 
complications

Limb injury Toe injury Moderate Recovered Not related

LND-022 AlphaWave® 
l-theanine

Gastrointesti-
nal disorders

Abdominal 
distension

Bloated feeling Mild Recovered Unlikely

LND-022 AlphaWave® 
l-theanine

Nervous system 
disorders

Dysgeusia Taste metallic Mild Recovered Possible

LND-022 AlphaWave® 
l-theanine

Metabolism 
and nutrition 
disorders

Decreased 
appetite

Appetite lost Mild Recovered Unlikely

LND-023 Placebo Nervous system 
disorders

Headache Headache Mild Recovered Not related

LND-027 AlphaWave® 
l-theanine

Gastrointesti-
nal disorders

Dry mouth Mouth became 
dry

Mild Recovered Possible

LND-039 AlphaWave® 
l-theanine

Respiratory, 
thoracic, and 
mediastinal 
disorders

Oropharyngeal 
pain

Sore throat Mild Recovered Not related

LND-045 AlphaWave® 
l-theanine

General 
disorders 
and admin-
istration site 
conditions

Fatigue Fatigue Moderate Recovered Not related

LND-045 AlphaWave® 
l-theanine

Psychiatric 
disorders

Insomnia Sleeplessness Mild Recovered Not related
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profiles as assessed by the QI. Confirmation of 
safety and tolerability over a longer period of 
time is an important step in the investigation 
of  AlphaWave® l-Theanine for improvement of 
moderate stress in healthy adults.

The current study found  AlphaWave® l-Thea-
nine supplementation significantly decreased 
PSS scores, a validated measure of self-reported 
stress, in a healthy population of adults who 
experienced moderate stress on a regular basis. 
A decrease in stress is important for this popu-
lation as an inverse association between stress 
and quality of life has been reported previously 
[21] suggesting  AlphaWave® l-Theanine supple-
mentation may represent a strategy to improve 
quality of life. This decrease in stress is similar 
to a previous crossover study that showed sup-
plementation with l-theanine (200  mg/day) 
for four weeks in healthy adults significantly 
decreased stress-related outcomes compared 
to baseline [12]. Moreover, l-theanine supple-
mentation (400 mg/day) for 17 days in healthy 
pharmacy students resulted in lower stress 
scores over an examination period compared 
to placebo [11]. Given the potential benefit of 
 AlphaWave® l-Theanine supplementation on 
stress and its reported safety profile, future stud-
ies in populations with pathological stress who 
may further benefit from l-theanine supplemen-
tation may be warranted.

Although there were improvements in PSS 
scores from baseline, the lack of statistically sig-
nificant difference between groups may be due 
the placebo effect, which is the phenomenon 
where individuals experience improvements in 

symptoms based on perceived expectation for 
change [22]. The placebo effect is commonly 
reported across human health research and has 
been specifically reported for stress [23, 24]. 
Furthermore, given the study population had 
non-pathological levels of stress, there may 
have been a greater likelihood of larger natural 
transient changes in stress over the study period 
and greater susceptibility to the placebo effect. 
The findings of the current study suggest this 
may have been prominent in participants sup-
plemented with  AlphaWave® l-Theanine. To 
account for the potential of the placebo effect, 
future clinical trials with longer study durations 
and multiple intra-study visits should be consid-
ered to determine if the placebo effect may wane 
over time in a moderately stressed population.

The decrease in PSS score at the end of study 
reported by participants in the  AlphaWave® 
l-Theanine group corresponded with a decrease 
in morning salivary cortisol. This correlation 
between PSS and cortisol aligns with a previ-
ous study that reported higher cortisol levels in 
those with high stress compared to low stress 
as assessed by the PSS [25]. The lack of statis-
tical significance in morning salivary cortisol 
between groups may be due to the large vari-
ability in changes in salivary cortisol for partici-
pants supplemented with  AlphaWave® l-Thean-
ine. There are many factors that may confound 
salivary cortisol measurements such as time of 
sampling, vigorous exercise, food intake, light 
exposure and prior day and/or imminent chal-
lenges or stressful events [26, 27]. While the cur-
rent study was designed specifically to control 

Fig. 3  Change in Perceived Stress Scale score from baseline at Days 14 and 28. *Significant within-group difference in PSS 
score from baseline (p < 0.05). PSS perceived stress scale
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Table 3  Change in Stroop test reaction time as assessed by COMPASS from baseline at Day 14 and 28 for the ITT popula-
tion (n = 30)

Variable Placebo
Mean ± SD (n)

AlphaWave® l-theanine
Mean ± SD (n)

P value between groups
Estimated difference [95% CI]

Overall RT (ms)

Baseline (Day 0) 1119.89 ± 258.53 (12)a 1373.55 ± 693.08 (13)b 0.289c

− 152.58 [− 377.80 to 92.34]

Change from baseline 
at Day 14

− 51.56 ± 269.22 (12)a − 298.47 ± 694.62 (11)e 0.406c

39.44 [− 99.08 to 174.18]

P  valued 0.108c 0.037c

Estimated difference 
[95% CI]

− 78.95 [− 190.78 to 40.88] − 111.03 [− 1063.68 to − 49.49]

Change from baseline 
at Day 28

− 173.71 ± 173.44 (12) − 261.27 ± 747.44 (12)a 0.126c

− 68.30 [− 185.24 to 29.78]

P  valued 0.005 0.055c

Estimated difference 
[95% CI]

− 173.71 [− 283.91 to − 63.51] − 91.28 [− 158.22 to 3.57]

Correct RT (ms)

Baseline (Day 0) 1119.89 ± 258.53 (12)a 1363.29 ± 693.68 (13)b 0.289c

− 131.44 [− 365.20 to 81.34]

Change from baseline 
at Day 14

− 51.89 ± 267.69 (12)a − 297.19 ± 694.62 (11)e 0.442c

35.50 [− 100.61 to 167.74]

P  valued 0.108c 0.037c

Estimated difference 
[95% CI]

− 78.10 [− 190.78 to 40.88] − 107.19 [− 1067.69 to − 49.49]

Change from baseline 
at Day 28

− 172.66 ± 171.17 (12) − 290.82 ± 729.76 (12)a 0.175c

− 53.97 [− 161.43 to 30.81]

P  valued 0.005 0.013c

Estimated difference 
[95% CI]

− 172.66 [− 281.42 to − 63.90] − 101.67 [− 156.99 to − 39.14]

Congruent overall RT (ms)

Baseline (Day 0) 1096.76 ± 292.06 (12)a 1139.62 ± 188.62 (13)b 0.221c

− 97.71 [− 248.08 to 84.56]
Change from baseline 

at Day 14
− 87.48 ± 207.46 (12)a − 97.82 ± 110.14 (11)e 0.882

10.34 [− 134.12 to 154.80]

P  valued 0.172 0.015

Estimated difference 
[95% CI]

− 87.48 [− 219.30 to 44.34] − 97.82 [− 171.82 to − 23.83]

Change from baseline 
at Day 28

− 184.12 ± 199.48 (12) − 85.56 ± 138.43 (12)a 0.175
− 98.56 [− 244.97 to 47.84]
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Table 3  continued

Variable Placebo
Mean ± SD (n)

AlphaWave® l-theanine
Mean ± SD (n)

P value between groups
Estimated difference [95% CI]

P  valued 0.008 0.056

Estimated difference 
[95% CI]

− 184.12 [− 310.87 to − 57.37] − 85.56 [− 173.51 to 2.40]

Incongruent overall RT (ms)

Baseline (Day 0) 1143.02 ± 234.82 (12)a 1607.47 ± 1307.17 (13)b 0.314c

− 143.93 [− 425.00 to 108.32]

Change from baseline 
at Day 14

− 15.64 ± 355.10 (12)a − 499.12 ± 1364.45 (11)e 0.644c

40.80 [− 97.32 to 347.20]

P  valued 0.255c 0.045c

Estimated difference 
[95% CI]

− 85.56 [− 207.40 to 156.18] − 108.88 [− 2134.24 to − 35.18]

Change from baseline 
at Day 28

− 163.30 ± 171.10 (12) − 436.98 ± 1394.35 (12)a 0.371c

− 50.06 [− 202.48 to 53.08]

P  valued 0.007 0.045c

Estimated difference 
[95% CI]

− 163.30 [− 272.01 to − 54.59] − 92.06 [− 195.68 to − 0.28]

Correct congruent RT (ms)

Baseline (Day 0) 1096.76 ± 292.06 (12)a 1139.62 ± 188.62 (13)b 0.221c

− 97.71 [− 248.08 to 84.56]

Change from baseline 
at Day 14

− 87.48 ± 207.46 (12)a − 97.88 ± 110.14 (11)e 0.881
10.40 [− 134.06 to 154.85]

P  valued 0.172 0.015

Estimated difference 
[95% CI]

− 87.48 [− 219.30 to 44.34] − 97.88 [− 171.87 to − 23.89]

Change from baseline 
at Day 28

− 184.34 ± 199.39 (12) − 85.56 ± 138.43 (12)a 0.174
− 98.78 [− 245.13 to 47.57]

P  valued 0.008 0.056

Estimated difference 
[95% CI]

− 184.34 [− 311.02 to − 57.65] − 85.56 [− 173.51 to 2.40]

Correct incongruent RT (ms)

Baseline (Day 0) 1143.02 ± 234.82 (12)a 1309.70 ± 1491.08 (13)b 0.849c

29.83 [− 315.20 to 576.68]

Change from baseline 
at Day 14

54.25 ± 577.15 (12)a − 395.52 ± 1458.06 (11)e 0.735c

26.32 [− 140.00 to 282.32]

P  valued 0.255c 0.083c
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for the time of sampling upon wakening, vig-
orous exercise and food intake prior to saliva 
sample collections, light exposure, brief altera-
tions in sleeping patterns and prior day or unan-
ticipated stressful events may have influenced 
study results. As participants were instructed to 
collect saliva samples prior to eating or drinking 
in the morning, or 30 min after eating or drink-
ing in the evening, consumption of  AlphaWave® 
l-Theanine likely occurred after sample collec-
tion. Given a previous randomized controlled 
trial found a significant decrease in salivary 
cortisol 1-h post-AlphaWave® l-Theanine sup-
plementation [8], is it possible timing of corti-
sol collection for the current study might have 
missed the best timing on collection of cortisol 
samples for measurement. Future studies should 
consider the timing of study parameters in rela-
tion to  AlphaWave® l-Theanine supplementa-
tion to fully elucidate the effect  AlphaWave® 
l-Theanine may have on these transient out-
comes. The current study suggests the effect of 
l-theanine might only last a few hours after con-
sumption and does not stay or accumulate in 
the body for a longer period of time, as it might 
have efficiently been metabolized by the body 
[28]. This may have contributed to the safety 

profile of the product for long-term use, which 
can be further verified in future studies. Moreo-
ver, to minimize variability in participant data, 
future randomized controlled trials with larger 
sample sizes should be considered.

Previous research has shown reductions in 
stress may be associated with improvements in 
cognitive performance [29]. This finding may be 
particularly important for individuals who work 
in high-stress conditions that require higher-
order thinking. Results from the current study 
suggest  AlphaWave® l-Theanine supplementa-
tion may have a unique ability to improve stress 
through its calming effects while simultaneously 
aiding in alertness and focus as demonstrated by 
decreased reaction time. This study confirmed 
findings of a previous randomized controlled 
trial that demonstrated a significant increase in 
the brain alpha wave power which resulted in a 
calming effect 3-h post-AlphaWave® l-Theanine 
supplementation [8]. In the current study, the 
significant decrease in light sleep for those sup-
plemented with  AlphaWave® l-Theanine did 
not appear to negatively affect cognitive per-
formance, suggesting sleep quality was main-
tained. l-Theanine may have produced a calm-
ing effect without causing drowsiness while also 

Table 3  continued

Variable Placebo
Mean ± SD (n)

AlphaWave® l-theanine
Mean ± SD (n)

P value between groups
Estimated difference [95% CI]

Estimated difference 
[95% CI]

− 83.42 [− 207.40 to 156.18] − 107.00 [− 2322.86 to 554.27]

Change from baseline 
at Day 28

− 161.12 ± 166.69 (12) − 265.12 ± 1537.41 (12)a 0.285c

− 64.13 [− 255.81 to 40.49]

P  valued 0.006 0.230c

Estimated difference 
[95% CI]

− 161.12 [− 267.03 to − 55.21] − 94.60 [− 1655.40 to 629.78]

P values were calculated using t test
COMPASS Computerized Mental Performance Assessment System, ITT intention to treat, n number, SD standard devia-
tion, CI confidence interval, RT reaction time, ms millisecond
a n = 3 participants missing COMPASS data
b n = 2 participants missing COMPASS data
c P values were calculated using Wilcoxon test
d P values for within-group differences
e n = 4 participants missing COMPASS data
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Table 4  Change in objective time asleep and light and deep sleep outcomes as assessed by actigraphy from baseline at Day 
14 and 28 for the ITT population (n = 30)

P values were calculated using t-test
ITT intention to treat, n number, SD standard deviation, CI confidence interval
a P values for within-group differences
b P values were calculated using Wilcoxon-test

Variable Placebo
Mean ± SD (n)

AlphaWave® l-theanine
Mean ± SD (n)

P value between groups
Estimated difference [95% CI]

Time asleep (min)

Baseline (Day 0) 373.26 ± 57.49 (15) 411.05 ± 41.43 (15) 0.049
− 37.79 [− 75.44 to − 0.14]

Change from baseline at Day 14 − 3.45 ± 51.08 (15) − 10.19 ± 62.35 (15) 0.740b

3.53 [− 34.30 to 41.80]

P  valuea 0.842b 0.537

Estimated difference [95% CI] 4.39 [− 30.49 to 24.27] − 10.19 [− 44.72 to 24.34]

Change from baseline at Day 28 18.11 ± 63.29 (15) − 29.62 ± 51.77 (15) 0.032
47.74 [4.41 to 91.06]

P  valuea 0.286 0.044

Estimated difference [95% CI] 18.11 [− 16.93 to 53.16] − 29.62 [− 58.29 to − 0.95]

Light sleep (min)

Baseline (Day 0) 226.62 ± 36.45 (15) 254.41 ± 44.57 (15) 0.072
− 27.80 [− 58.30 to 2.71]

Change from baseline at Day 14 9.76 ± 37.42 (15) − 19.54 ± 37.06 (15) 0.040
29.30 [1.44 to 57.15]

P  valuea 0.330 0.060

Estimated difference [95% CI] 9.76 [− 10.97 to 30.48] − 19.54 [− 40.06 to 0.99]

Change from baseline at Day 28 19.78 ± 43.81 (15) − 17.79 ± 43.81 (15) 0.026
37.57 [4.80 to 70.34]

P  valuea 0.102 0.138

Estimated difference [95% CI] 19.78 [− 4.48 to 44.04] − 17.79 [− 42.05 to 6.47]

Deep sleep (min)

Baseline (Day 0) 146.64 ± 39.08 (15) 156.64 ± 39.65 (15) 0.493
− 10.00 [− 39.44 to 19.45]

Change from baseline at Day 14 − 13.21 ± 31.38 (15) 9.35 ± 37.34 (15) 0.084
− 22.56 [− 48.39 to 3.27]

P  valuea 0.125 0.349

Estimated difference [95% CI] − 13.21 [− 30.59 to 4.17] 9.35 [− 11.32 to 30.03]

Change from baseline at Day 28 − 1.67 ± 33.78 (15) − 11.83 ± 31.34 (15) 0.400
10.16 [− 14.21 to 34.54]

P  valuea 0.851 0.166

Estimated difference [95% CI] − 1.67 [− 20.37 to 17.04] − 11.83 [− 29.19 to 5.52]
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improving alertness and reaction time. These 
unique benefits of l-theanine make it a desirable 
product for the fast pace of modern life, as it 
may reduce stress and improve sleep quality and 
performance without the need for a longer sleep 
duration. In contrast to the current study, a pre-
vious study assessed l-theanine supplementation 
(100.6 mg) in healthy adults with self-reported 
decline in cognitive function, without signifi-
cant improvements in reaction time during the 
Stroop test after 12 weeks [30]. However, this 
study administered a lower dose compared to 
the current study, which may explain conflicting 
longer-term results. Further research investigat-
ing  AlphaWave® l-Theanine in stressed popula-
tions with related cognitive performance, or in 
populations with subjective cognitive decline, 
may be considered to better understand the rela-
tionship among  AlphaWave® l-Theanine, stress, 
sleep and cognition.

The worsening in DASS-21 found for those 
supplemented with  AlphaWave® l-Theanine 
contrasts with a previous study that adminis-
tered a dietary supplement containing l-thea-
nine (50 mg/day) to stressed healthy adults 
for 56 days and found a significant decrease in 
DASS stress subscale scores compared to pla-
cebo after 28 days of supplementation [31]. 
These contrasting study results may be due to 
methodological differences between studies 
including only partial blinding of participants 
to the study product due to the lack of struc-
tural similarity of treatment and placebo prod-
ucts [31]. This may have increased expectancy 
effects in those receiving the dietary supple-
ment and lowered expectancy effects in those 
taking placebo. Interestingly, change at the end 
of study in DASS-21 stress subscale scores for 
those receiving  AlphaWave® l-Theanine did 
not align with improvement in PSS scores. Dif-
ferences in findings between the PSS and DASS-
21 scores may be explained by what each scale 
is purported to measure. The PSS is an assess-
ment of how much an individual perceives life 
to be unpredictable and uncontrollable [32] 
whereas the DASS-21 stress subscale is more 
focused on assessing symptoms such as diffi-
culty relaxing, nervous arousal and irritability 
[15]. Thus, the PSS assesses overall feelings of 
lack of control rather than specific stressors 

measured in the DASS-21, possibly contribut-
ing to the disagreement between tools. Moreo-
ver, participants were instructed to recall the 
past two weeks when responding to the PSS 
while the DASS-21 instructed participants to 
recall the past week. Therefore, a longer recall 
period may have allowed for a positive expe-
rience to dilute stressful events potentially 
contributing to the incongruent results. The 
current study suggests there are potential bene-
ficial effects of  AlphaWave® l-Theanine supple-
mentation on stress; however, further research 
is needed to confirm these conflicting findings 
and better understand this relationship.

The current study had several strengths 
including the use of an objective stress meas-
ure to enroll participants with moderate stress. 
Moreover, a comprehensive assessment of stress 
utilizing objective and subjective measures and 
efforts to minimize controllable confounders 
in saliva sampling for cortisol analysis were 
strengths of the study design. While these find-
ings add to the literature examining l-theanine 
on markers of stress, there were limitations that 
must be considered. As the study population was 
comprised primarily of females, the generaliza-
bility of study results may be limited, and future 
studies may consider enrolling equal numbers 
of males and females. Furthermore, to reduce 
inter-individual variability observed in the cur-
rent study, future clinical trials with larger sam-
ple sizes should be considered.

In conclusion, 28  days of  AlphaWave® 
l-Theanine supplementation was safe and well 
tolerated and significantly decreased perceived 
stress from baseline in a population of moder-
ately stressed healthy adults. Furthermore, the 
 AlphaWave® l-Theanine group demonstrated 
a significant decrease in light sleep at Days 14 
and 28 compared to the placebo group. Moreo-
ver,  AlphaWave® l-Theanine supplementation 
resulted in sustained improvement in cognitive 
attention over the study period. Overall, this 
study confirmed the safety and benefits of the 
longer-term use of l-theanine for self-reported 
stress mitigation, improvement of sleep qual-
ity and cognitive attention. Similar improve-
ments in perceived stress were also found for 
the placebo group at Day 28. Therefore, given 
the potential for the placebo effect to influence 
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markers of stress combined with its reported 
safety profile, future study in populations with 
pathological stress may be considered. Interest-
ingly, there was no change in salivary cortisol 
despite an improvement in perceived stress, 
for which the relationship between objective 
and subjective measures of stress warrants fur-
ther investigation. Furthermore, based on the 
large variability observed in the current study, 
future larger randomized controlled trials with 
longer  AlphaWave® l-Theanine supplementation 
should be considered.
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