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Abstract

Background When utilized as an adjunct with antidepressants, antipsychotics, and other psychopharmacological
drugs, certain amino acids, such as L-Theanine (LT), have shown potential effectiveness in enhancing the symptomatic
outcomes of patients with mental disorders. Despite this, there is a lack of previous systematic reviews examining
these associations. Therefore, we conducted a systematic review of randomized controlled trials examining these
relationships.

Methods A comprehensive systematic review was conducted, scouring six electronic databases (PubMed, Scopus,
PsycINFO, Web of Science, CINAHL Complete, and Cochrane) from their inception up to June 2023, specifically
focusing on randomized controlled trials that investigated the effects of LT supplementation on the outcomes of
patients with mental health disorders. The Cochrane Risk of Bias Tool for Randomized Trials was employed to assess
the quality of the included studies.

Results Among the 419 publications identified, 11 studies from six countries — Israel, Iran, the USA, Japan, Australia,
and ltaly — were included in the final analysis. These studies covered a range of mental disorders, including
schizophrenia, Attention-Deficit/Hyperactivity Disorder (ADHD), Obsessive-Compulsive Disorder (OCD), Major
Depressive Disorder (MDD), sleep disorders, Generalized Anxiety Disorder (GAD), and Tourette syndrome. The findings
demonstrated that LT supplementation reduced psychiatric symptoms more effectively than control conditions in
individuals with schizophrenia, anxiety disorders, and ADHD.

Conclusions The findings from this systematic review suggest that LT supplementation significantly reduced
psychiatric symptoms more effectively than control conditions in individuals with schizophrenia, anxiety disorders,
and ADHD. However, further studies are essential to validate these findings, deepen the understanding of the
observed effects, and explore the mechanisms underlying these associations.
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Introduction

Mental disorders are psychological conditions defined
by a wide-ranging change in thinking, mood, or behav-
jor that significantly impair a person’s functioning and
well-being. Moreover, mental disorders are a significant
public health concern [1]. Psychotherapies and pharma-
cotherapies are usually recommended as initial treatment
approaches for mental disorders [2]. Epidemiologic evi-
dence also suggests that L-theanine (LT) in combination
with antidepressants, antipsychotics, and other psycho-
tropic drug has potential efficacy in improving symp-
tomatic outcomes of people with mental disorders [3, 4].
Accurate assessment of the effectiveness of research into
these associations is crucial to provide valuable insights
to researchers and practitioners [5].

Research suggests that LT, when taken as a dietary
supplement, shows promise in alleviating symptoms
associated with various mental disorders [6]. Previous
studies have provided convincing evidence of its benefi-
cial effects [4, 6-15].

In addition, the possible mechanisms underlying the
effect of LT on mental health have been investigated. LT
is thought to affect levels of influences neurotransmitter
levels, particularly by increasing gamma-aminobutyric
acid (GABA) production, which is associated with pro-
moting relaxation and reducing stress [16]. Additionally,
it may modulate other neurotransmitters like serotonin
and dopamine. Numerous studies which include cell-
based studies [17], animal studies [18], and clinical stud-
ies [19] have investigated the potential therapeutic effects
of LT on various mental disorders, such as schizophrenia
[6], ADHD [20], and others [21]. Despite the wealth of
individual research papers, there remains a notable gap,
which is the lack of a comprehensive systematic review
summarizing all existing data, with a focus on random-
ized controlled trials (RCTs).

Overall, a systematic pooling of this data through
RCTs—a gold standard in evidence-based medicine—is
not yet established. Therefore, the focus of this system-
atic review is to carefully analyse and summarize data
from randomized controlled trials conducted specifically
in patients with schizophrenia, ADHD, generalized anxi-
ety disorder (GAD), Tourette syndrome (TS), obsessive-
compulsive disorder (OCD), and sleep disorders.

By focusing specifically on RCTs, this review aims to
provide a methodologically rigorous assessment of the
therapeutic potential of LT in these various mental disor-
ders. This strategic focus on RCTs is intended to provide
robust and reliable evidence on the effectiveness of LT
as a potential treatment tool. The aim is to provide clini-
cians and researchers with evidence-based guidance for
the consideration of LT in the treatment of these complex
mental disorders.
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Methods

To establish the effects of LT in patients with mental
disorders, this systematic review and meta-analysis was
conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) guide-
lines 2020 [22]. The study protocol was registered in the
International prospective register of systematic reviews
(PROSPERO) with the following registration number:
CRD42023478563.

Search strategy

Six electronic databases (PubMed, Scopus, PsycINFO,
Web of Science, CINAHL Complete, and Cochrane) were
queried for English publications up to June 2023. The
search involved utilizing various keyword combinations,
which comes in Supplementary Material 1. No restric-
tions were imposed on these terms or any synonyms
incorporated into the search approach. Additionally, we
examined the citations of included studies to uncover
potentially suitable articles. We also conducted a manual
search of keywords on Google Scholar to identify poten-
tial studies for inclusion.

Eligibility criteria

We conducted a review of randomized controlled trials
(RCTs) focusing on the impact of LT on who had been
diagnosed with mental disorders as mentioned PICO
criteria:

Population: The mental disorder population comprises
individuals with either primary psychiatric disorders or
neurodegenerative conditions, determined by clinical
characteristics, with or without confirmation through
biomarkers or pathology.

Intervention: LT in such a way that its dose is specified
and the amount of LT can be repeated for subsequent
studies. They were also included in studies that were used
as additions to standard treatment.

Control: Placebo or any type of control that can be con-
sidered as standard treatment or active treatment.

Outcomes: The primary outcome for entering the study
was to record and report the main symptoms of the dis-
ease based on DSM-V, but other outcomes such as bio-
chemical and behavioral factors were also examined.

Our selection criteria excluded the following types of
studies: (1) Research that explored the effects of LT in
contexts unrelated to mental disorders. (2) Studies that
lacked sufficient data for assessing the impact of LT on
mental disorders. (3) Observational studies, reviews, edi-
torials, conference papers, case series, or reports with
fewer than four cases, qualitative study designs, and
experiments involving animals. (4) Cases in which LT in
the form of a published drug is packaged together with
other nutrients. (5) Studies has administered LT indi-
rectly to participants by including it in substances like
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green tea, without specifying the exact dosage given to
the patients.

Two investigators, SM and ES, independently iden-
tified eligible studies based on these criteria. Any dis-
agreements were resolved through consensus or, when
necessary, with the involvement of a third investigator,
RM.

Study selection

Two authors, SM and ES, conducted a thorough review
of potentially eligible studies by initially screening their
titles and abstracts using EndNote software version 20.
They adhered to predefined criteria for inclusion and
exclusion to determine which studies warranted full-
text assessment. The selected studies’ full texts were
then independently retrieved and evaluated by these
same authors. Any disagreements or conflicts pertain-
ing to the study’s design, methodology, or the ultimate
decision of whether to include or exclude a study were
resolved by two additional authors, RM. Also, we did not
exclude studies based on quality, which was due to the
small number of primary articles. The number of stud-
ies included and excluded at each stage was documented
and presented in a PRISMA flowchart.

Data extraction
Two authors, SM and ES, individually gathered data from
the included articles. Any disagreements that arose were
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resolved through discussions with a third author, RM.
After reviewing the included articles, further information
was extracted based on the influential variables: primary
author, publication year, study setting, research design,
participant details, interventions, findings, side effects,
and limitations.

Risk of bias assessment

The risk of bias and the quality of the included stud-
ies performed by Cochrane tool [23]. The Risk of bias-2
(ROB-2 tool) (Cochrane Risk of Bias Tool for Random-
ized Trials) [24]. This tool is structured in five domains
(D) where the bias can be evaluated. Study quality was
assessed in three categories: high risk of bias, few con-
cerns, and low risk of bias.

Results

Study selection

Figure 1 depicts the PRISMA flow diagram. The search
criteria initially yielded 419 articles from the databases
based on the proposed keywords. EndNote automatically
removed 173 duplicates, and 243 articles were subse-
quently excluded after screening the titles and abstracts.
Consequently, 32 articles were included in this screen-
ing step. Following full-text evaluation, 21 articles were
excluded, ultimately leaving 11 studies [4, 6—15] for final
consideration.
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Risk of bias

Out of the studies considered, two exhibited a certain
degree of bias risk, while nine demonstrated a low risk
of bias (Supplementary Material 2). Both of the studies
with some concerns had issues in the missing data value
domain, while they scored high in quality across all other
aspects.

Study characteristics

All studies included in the analysis were RCTs [4, 6-15],
with nine employing a parallel design [4, 6-10, 12, 14,
15] and two adopting a cross-over design [11, 13]. Geo-
graphically, three studies were conducted in Israel [6, 7,
9], three in Iran [4, 14, 15], two in the USA [8, 11], and
one each in Japan [13], Australia [10], and Italy [12]. Four
studies focused on schizophrenia and schizoaffective dis-
orders [6, 7, 9, 15], two on ADHD [8, 11], and one each
on OCD [4], MDD [14], sleep disorders [13], GAD [10],
and Tourette syndrome [12]. A total of 827 participants
received LT, with both male and female subjects repre-
sented in all studies except two [8, 11]. Participant ages
ranged from 9.45 to 45.5 years. LT dosages varied, includ-
ing 400 mg/day (200 mg x 2 times/day) in two studies
added to ongoing antipsychotic treatment [6, 7], 400 mg/
day (100 mg x 2 times/day, 2 tablets/time) in another
study [8], and varying dosages in the remaining stud-
ies. The majority of studies (six) had an 8-week duration
[6, 7,9, 10, 12, 15], with two lasting 10 weeks [4, 8], and
one each lasting 6 weeks [14], 1 week [13], and 1 day [11]
(Table 1).

Schizophrenia and schizoaffective disorder

During our investigation, we reviewed four human tri-
als to explore the impact of LT supplementation on
individuals with schizophrenia and schizoaffective syn-
dromes. The analysis of four randomized controlled tri-
als revealed positive outcomes across various aspects of
mental health and well-being in patients. Ristner et al.
[6] found that LT supplementation in conjunction with
ongoing therapeutic interventions for psychosis yielded
noteworthy reductions in anxiety levels (p=0.015), posi-
tive psychopathology scores (p=0.009), and general
psychopathology scores (p<0.001) on the Positive and
Negative Syndrome Scale (PANSS). However, no signifi-
cant disparities were detected between the two groups
regarding the PANSS negative subscale, negative factor
scores, and performance on CANTAB tasks (p>0.05).
The effects of LT were observed as early as the second
week of the trial, during which LT was administered as an
adjunct to ongoing antipsychotic treatment. In a related
study, Miodowink et al. [7] explored the correlation
between circulating levels of brain-derived neurotrophic
factor (BDNF), the cortisol to dehydroepiandrosterone
sulfate (DHEAS) ratio, and the favorable effects of LT
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in a subset of participants from the previous study. This
subset underwent a trial where the same dose of LT was
administered as an adjunct to current antipsychotic
treatment. Changes in these biomarkers accounted for
approximately 30% of the improvements observed in
dysphoric mood, anxiety scores, activation factor, and
dysphoric mood scores. Specifically, a decrease in serum
BDNEF levels accounted for 26.2% of the overall reduction
in dysphoric mood (p=0.003) and 38.2% of the reduc-
tion in anxiety scores (p=0.002). Alterations in the cor-
tisol to DHEAS ratio explained 30-34% of the variability
in activation factor and dysphoric mood scores, as well
as 15.9% of the changes in anxiety scores. Notably, an
increase in this ratio was associated with improved acti-
vation (p=0.004) and dysphoric mood (p=0.001) scores,
while a decrease was linked to reduced anxiety scores
over time (p=0.026). Importantly, participants reported
high tolerability and safety in both studies. Kardashev
et al. [9] discovered that supplementing standard psy-
chosis treatment with pregnenolone and LT resulted in
enhancements in negative symptoms (p=0.006), anxi-
ety levels (p=0.008), and general functioning (p=0.008)
in a trial of pregnenolone and LT or placebo augmenta-
tion. The study included patients who had shown sub-
optimal responses to antipsychotics. The study did not
find a significant correlation between positive symptoms
and the combination treatment’s impact. Shamabadi et
al. [15] conducted a study involving 60 patients, divided
into two groups. One group received a combination of
risperidone and LT, while the other received a placebo.
The researchers found significant reductions in negative
symptoms (p=0.03), general psychopathology (p=0.01),
and overall symptom severity (p=0.04) on the PANSS
among the LT group. Importantly, the time X treatment
interaction effect was significant, indicating additional
improvements in negative symptoms (p=0.03), general
psychopathology (p<0.01), and overall symptom sever-
ity (p=0.04) on the PANSS for the LT group. Notably,
no adverse events were reported throughout these inves-
tigations According to the included studies, the optimal
dosage of LT for schizophrenia appears to be 400 mg/day
administered in divided doses as an adjunct to antipsy-
chotic medications (Table 2).

The researchers discovered that LT influenced the con-
centrations of glutamate and glutamine in the frontal
and parietal areas of the brain, potentially elucidating the
underlying mechanisms of its therapeutic effects [15].
Abnormalities in dopamine levels within the mesolimbic
and prefrontal regions of the brain are characteristics of
schizophrenia. Furthermore, recent investigations have
revealed that alterations in serotonin also play signifi-
cant roles in the disorder’s pathology [25]. Research has
explored the relationships between LT and neurotrans-
mitters dopamine and serotonin in rodent models [26,
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27]. Yamada and colleagues documented an increase of
up to two-fold in dopamine levels resulting from LT infu-
sion in the striatal region of rat brains [26]. Furthermore,
Ota and colleagues noted that the daily administration of
250 mg of LT over a period of eight weeks, in conjunction
with the patients’ existing antipsychotic regimen, proved
effective in alleviating symptoms of schizophrenia [15].

Attention deficit hyperactivity disorder (ADHD)
Our investigation delved into the profound influence
of LT on individuals diagnosed with ADHD, employ-
ing two studies researching distinct aspects of the con-
dition, with Lyon et al. [8] focusing on sleep outcomes.
The group administered LT exhibited higher sleep per-
centages (p<0.05) and sleep efficiency scores (p<0.05).
Additionally, there was a non-significant decrease in
activity during sleep. Sleep quality variables, including
sleep efficiency, discreet episodes of nocturnal activ-
ity, wakefulness after the onset of sleep (WASO), sleep
latency, and sleep duration, were assessed using the Pedi-
atric Sleep Questionnaire (PSQ) and actigraphy wrist-
watches. Analysis of data from 93 participants revealed
statistically significant differences favoring LT in terms of
actigraphy-measured sleep efficiency (p<0.05) and sleep
activity (p<0.05). However, the study did not find signifi-
cant differences in WASO (p<0.058) and other variables
(data not provided). The PSQ data did not exhibit any
significant correlations with the objective data obtained
from actigraphy. Conversely, Kahathuduwa et al. [11]
explored the cognitive effects of LT and made intriguing
observations. Their findings indicated that LT positively
impacted cognition (p=0.04) but appeared to worsen
inhibitory control (p=0.053), as evidenced by increased
stop-signal reaction time. Notably, the combination of
caffeine and LT exhibited potential for improving the
total cognition composite, enhancing inhibitory control,
and reducing task-related reactivity in brain networks
associated with mind wandering. These findings suggest
that LT may have variable impacts on specific cognitive
domains in individuals with ADHD, with the combina-
tion of caffeine and LT potentially improving certain
aspects. For ADHD, the optimal LT dosage is 200—
400 mg/day taken in divided doses, with combining it
with caffeine potentially enhancing the effects (Table 2).
LT functions as a glutamate analogue, thereby bind-
ing to the same glutamate receptors and consequently
attenuating the neuroexcitatory effects induced by glu-
tamatergic activation [28, 29]. Dopamine and serotonin
can and do interact aberrantly in ADHD at the levels of
the soma, the terminals, and at a distance [30]. Yokogoshi
and associates observed markedly elevated dopamine
levels in the rat striatum following intragastric adminis-
tration of LT, along with enhanced serotonin concentra-
tions in the striatum, hippocampus, and hypothalamus
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when compared to the saline-treated control group [27].
In the study by Singh et al,, LT is regarded as a poten-
tially beneficial adjunctive therapeutic agent for children
and adolescents experiencing sleep disturbances associ-
ated with ADHD [31]. There are over 300 varieties of tea
derived from *Camellia sinensis* L., which are primar-
ily categorized into three main types: green tea, oolong
tea, and black tea. The LT content in a standard 200 mL
cup of tea is about 25 to 60 mg of LT [32]. Furthermore,
green tea, being unfermented, possesses higher concen-
trations of LT compared to oolong and black teas [33,
34]. Given its natural origin and widespread availability,
LT presents a promising alternative for patients seeking
to manage their symptoms with fewer adverse effects.
Instances of liver injury linked to green tea consump-
tion have been reported in the medical literature [35, 36].
Although these reports exist, such cases are minimal and
have been documented primarily in individuals who con-
sume excessive amounts of green tea over extended peri-
ods [37, 38].

Generalized anxiety disorder (GAD)

Sarris, et al. 2019 [10] conduct a phase II, randomized,
double-blind, placebo controlled, multi-center pilot
study on the effect of LT in individuals with GAD during
8-weeks. LT was administrated at 450 mg per day (given
as one 225 mg capsule twice per day). Insomnia and anxi-
ety benchmarks were measure using Insomnia Severity
Index (ISI) and Hamilton Anxiety Rating Scale (HAMA)
respectively. At the baseline gropes were matched on
each measure except for the BAI in which self-reported
anxiety was more severe in the LT group than the placebo
group (t [40]=—-1.73, p=0.092). Based on the results no
change in anxiety was found when LT administration was
ceased when comparing endpoint HAMA score (Week
8; 14.5916.00) to post washout HAMA score (Week 10;
14.00%5.71) in the LT group only, t [16]=-0.34, p=0.74.
Although LT group showed lower insomnia symptoms
relative to the placebo group at each visit, although this
was not reflected in a significant Group x Time interac-
tion, F [1, 52]=0.90, p=0.35. As the second outcome the
Group x Time interaction on the MADRS for depression
was found to be non-significant (F[1,84]=0.817, p=0.37),
BAI (F[1153]=0.815, p=0.37). Altogether no significant
adverse effect was reported between placebo and LT
groups t [41]=0.32, p=0.75. In individuals with GAD, the
optimal LT dose is 450 mg/day taken in divided adminis-
trations (Table 2).

Tourette syndrome (TS)

Rizzo, et al. 2022 [12] conduct an open-label trial to
evaluate the effect of LT on patients with the diagnosis
of chronic tic disorder (CTD) or Tourette syndrome (TS)
over aa period of two months. Patients were distributed
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into N-group and THE-group. N-group received Psy-
choeducation over eight weekly sessions and THE-group
received the nutritional supplements LT (200 mg/day)
and vitamin B6 (2.8 mg/day) for two months. Motor and
vocal tics and anxiety severity were assessed using Yale
Global Tic Severity Rating Scale (YGTSS) and Multi-
dimensional Anxiety Scale for Children (MASC) ques-
tionaries respectively. First of all, LT didn't cause any
side effect over the duration of the trial. Results showed
a significant difference between the THE-group versus
N-group in the severity of tics as assessed by YGTSS at
the end of the course (p=0.0460). On the other hand,
no significant difference was observed between the
THE-group versus N-group in the severity of anxiety
symptoms based on MASC (p=0.85). In conclusion, for
Tourette syndrome, the optimal LT dosage is 200 mg/day
(Table 2).

Obsessive compulsive disorder (OCD)

In the sole RCT investigating the augmentative impact
of LT in conjunction with fluvoxamine, Nemati Zadeh et
al. [4] conducted a 10-week multicenter, parallel-group,
placebo-controlled study involving adult patients (18-
60 years) with a Y-BOCS score exceeding 21, excluding
those with a history of psychotropic medication or psy-
chotherapeutic interventions within 6 weeks prior to the
trial. Rigorous exclusion criteria eliminated patients with
psychological co-morbidities, treatment resistance, and
low intelligence. All participants received fluvoxamine,
with random allocation to LTor placebo. The primary
outcome, assessed using the Y-BOCS scale at baseline,
weeks 5 and 10, revealed a significant improvement in
obsession subscale scores in the LTgroup compared to
placebo at week 5 (MD= -3.52, 95% CI[-6.85, -0.19],
P=0.039) and week 10 (MD= -5.12, 95% CI[-8.77, -1.46],
P=0.008), indicating a moderate effect size (Cohen’s
d=>0.6). No significant differences were noted in the
compulsion subscale. The LT group exhibited a higher
complete response rate (92 vs. 36%, p-value=0.0001)
and a trend toward a higher remission rate (44 vs. 16%,
p-value=0.0622), with no significant differences in side
effect rates. In conclusion, this RCT suggests that LT, in
combination with fluvoxamine, may offer benefits for
obsessive-compulsive symptoms, particularly in reducing
obsessions, without notable increases in adverse events
In OCD patients, 200 mg/day LT taken alongside an SSRI
antidepressant is the optimal dosage (Table 2).

Sleep disorders

In a recent self-controlled, randomized, cross-over
trial with six arms [13], The study sought to evaluate
the impact of different active ingredients (LT[200 mg/
day], GABA [111.1 mg/day], Apocynum Venetum leaf
extract [50 mg/day], or l-serine [300 mg/day]), a placebo
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(3300 mg/day of maltodextrin), and a session of mind-
fulness psychotherapy on sleep among healthy indi-
viduals with significant sleep disturbances determined
by the Pittsburgh Sleep Quality Index (PSQI). The trial
included non-smoking, non-drinking, full-time workers
planning to stay at home, with participants having sleep
issues (PSQI score>5) and no depression (Beck Depres-
sion Inventory (BDI)<16). Stratified randomization
ensured comparable PSQI and BDI scores. Employing
a cross-over design, the study consisted of a 9-day pre-
observation period, six 7-day intervention periods, and
five 7-day washout periods. Supplements, placebo, and
mindfulness were administered before bedtime. Sleep
quality, assessed using the Oguri—Shirakawa—Azumi
(OSA) sleep questionnaire, demonstrated scores reflect-
ing sleep quality before and after each treatment, with
mean scores compared to the pre-observation period
using a before-after analysis. The study lacks evidence
on the reliability or validity of the intervention in Eng-
lish literature and did not directly compare intervention
and placebo arms. Across all 6 study arms, a significant
increase in OSA total score was observed. Focus on LT
and placebo arms revealed LT significantly increased
scores in Sleepiness on rising (OSA-1), Initiation and
maintenance of sleep (OSA-2), Refreshing (OSA-4), and
length of sleep (OSA-5). Placebo also increased OSA-1,
OSA-2, and OSA-4 scores significantly. However, no sta-
tistically significant difference between LT and placebo in
any OSA score domain was found using an independent
t-test on reported mean changes and SEM. The optimal
LT dosage for sleep disorders is 200 mg/day taken at bed-
time (Table 2).

Major depressive disorders (MDD)

In a recent 6-week, randomized, controlled trial assessing
LTaugmentation of sertraline in individuals with MDD
[14]. The study, detailed in Table 2, adhered to DSM-V
criteria for MDD diagnosis, enrolling patients with a
17-item Hamilton Depression Rating Scale (HDRS) score
exceeding 19 and excluding those with various crite-
ria such as recent antidepressant use, electroconvulsive
therapy, psychiatric comorbidities, suicidal ideation, and
substance abuse. Notably, patients exhibiting exagger-
ated symptoms during treatment were excluded without
specifying the number. Primary outcomes focused on
HDRS score changes, with secondary outcomes encom-
passing early response, treatment response, remission
rates, time to treatment response, and adverse events.
Among 60 sertraline-treated participants randomly
assigned LT(200 mg/day) or placebo, 50 completed the
study. While no significant differences emerged in HDRS
mean scores at week 2, weeks 4 and 6 displayed signifi-
cantly lower scores in the LTgroup, accompanied by
higher response rates (100% vs. 84%) and remission rates



Moshfeghinia et al. BMC Psychiatry (2024) 24:886

(68% vs. 32%). The study highlighted a notable Number
Needed to Treat of 2.8, indicating the requirement of
LTover placebo for an additional patient to achieve remis-
sion at six weeks. For major depressive disorder, the opti-
mal L-theanine dosage appears to be 200 mg/day used as
an adjunct to antidepressant medication (Table 2).

Discussion

This comprehensive systematic review, the first of its kind
in the field, revealed a scarcity of studies addressing the
effects of LT on reducing the symptoms of various mental
disorders, including schizophrenia, ADHD, OCD, MDD,
sleep disorders, GAD, and Tourette syndrome. The com-
prehensive examination demonstrated that LT supple-
mentation significantly alleviated psychiatric symptoms
effectively, notably in individuals with schizophrenia,
anxiety disorders, and ADHD, though the effect was not
consistent across all investigated disorders. Our find-
ings suggest a promising role for LT in mitigating symp-
toms of specific mental disorders. However, caution is
warranted, emphasizing the need for further studies to
validate these initial outcomes, deepen our understand-
ing of observed effects, and elucidate underlying mech-
anisms. This review provides crucial insights into the
potential therapeutic applications of LT, highlighting the
imperative for additional well-designed investigations to
establish the reliability and generalizability of observed
outcomes.

While our systematic review highlights the promising
potential of LT in mitigating symptoms across several
mental disorders, the elucidation of its precise mecha-
nisms remains an area requiring further exploration.
Animal studies have provided valuable insights into the
potential mechanisms through which LT may exert its
therapeutic effects in mental disorders. A study on rats
demonstrated that LT administration increased mono-
amine neurotransmitter levels, including serotonin, nor-
epinephrine, and dopamine, in key brain regions such as
the prefrontal cortex, hippocampus, and nucleus accum-
bens [39]. These changes were associated with a reduc-
tion in depressive behaviors in the animals. Furthermore,
in a cohort of cats, LT was found to significantly reduce
stress-related behaviors, such as inappropriate urination,
fear-induced aggressiveness, and hypervigilance, with
notable improvements observed after 30 days of supple-
mentation [40].

LT, an amino acid predominantly found in tea leaves,
has been recognized for its ability to cross the blood-
brain barrier, suggesting a direct impact on the central
nervous system. One proposed mechanism involves the
modulation of neurotransmitter activity, particularly
the augmentation of gamma-aminobutyric acid (GABA)
levels [6, 29, 41]. The LT functions as a GABA agonist,
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thereby elevating brain GABA levels, which in turn influ-
ences dopamine and serotonin levels [29].

Furthermore, LT has demonstrated its impact on vari-
ous neurotransmitter systems, including serotonin and
dopamine [42]. These neurotransmitters play pivotal
roles in regulating mood, and imbalances in their levels
have been linked to various mental disorders [43-45].
The ability of LT to influence these neurotransmitters
may contribute to its observed effectiveness in alleviat-
ing symptoms associated with depression, anxiety, and
attention-related disorders [15, 42, 46-54]. Research
indicates that LT triggers the release of dopamine in the
striatum by interacting with glutamate receptors and
inhibits the reuptake of glutamate, leading to a notable
increase in GABA concentration [16]. Additionally, it is
suggested that LT has neuroprotective effects in the hip-
pocampus by blocking NMDA and AMPA receptors [29,
55]. In a separate study, Kardashev et al. proposed that
LT may shield brain cells from excitotoxicity by calming
nerve networks in the brain [56]. The study also revealed
that LT acts as an antagonist on NMDA receptors [55],
elevates BDNF levels [7], and exerts modulatory effects
on GABA, NMDA, sigma-1, cholinergic, and dopamine
receptors [56—58].

Furthermore, LT’s impact on alpha brain wave activ-
ity deserves consideration. Increased alpha wave activ-
ity is associated with a state of relaxed alertness, and
alterations in these patterns have been linked to various
mental disorders [32, 59]. The modulation of alpha wave
activity by LT may contribute to its anxiolytic effects and
improvement in attention-related symptoms [60].

While these proposed mechanisms provide plausible
explanations for the observed effects of LT, it is essen-
tial to acknowledge the complexity of mental disorders.
The interplay of various neurobiological factors and the
specificities of each disorder warrant in-depth investiga-
tions to unravel the precise pathways through which LT
exerts its therapeutic effects. Future research endeavors
should focus on unraveling these intricate mechanisms to
solidify the understanding of LT’s potential as a valuable
adjunct in the management of mental disorders.

The use of LT as an alternative treatment is increas-
ing due to its accessibility. Unlike many other medica-
tions, LT is widely available over the counter as a dietary
supplement [61]. This makes LT an appealing option
for patients looking for non-prescription or adjuvant
treatments that can be easily integrated into their exist-
ing treatment regimens. For instance, a clinical trial
demonstrated that LT, when used as an adjuvant to flu-
voxamine, significantly improved obsession-related
symptoms in patients with moderate to severe OCD
compared to fluvoxamine alone [4]. Moreover, LT has
been noted for its safe side effect profile compared to
conventional psychiatric medications. While medications
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such as antipsychotics and benzodiazepines are effective,
they are often associated with considerable side effects,
including sedation, weight gain, and metabolic distur-
bances [62, 63]. LT, on the other hand, has been shown to
have a much milder side effect profile, with no significant
adverse events reported in the literature [64, 65]. This
makes LT an attractive candidate, particularly for long-
term management.

While our review shows the potential benefits of LT for
reducing symptoms of mental disorders, it’s important to
recognize that some studies have reported different find-
ings. For instance, a study evaluating LT in a rat model
of PTSD found no significant improvements in neurobe-
havioral functions related to anxiety or memory, suggest-
ing that LT may not be effective in preventing or treating
PTSD symptoms [66]. Similarly, Sarris et al. found that
adjunctive LT did not significantly reduce anxiety symp-
toms in patients with GAD compared to placebo, indi-
cating limited efficacy for anxiety in this population [10].
These differences show that LT’s effects vary across con-
ditions and highlight the need for more controlled stud-
ies to better understand its benefits and limitations.

In another area of research, studies on healthy adults
show that LT can effectively manage stress and enhance
cognitive functions. For instance, in a study by Moulin et
al., LT supplementation significantly decreased perceived
stress and improved sleep quality in healthy individuals
with moderate stress after 28 days, while also enhancing
cognitive attention and reaction times [67]. Additionally,
as demonstrated by Evans et al,, a single dose of LT led
to increased alpha wave activity in the brain, suggest-
ing a calming effect during acute stress [68]. However,
some research indicates that LT incorporated into food
products may not have significant effects on physiologi-
cal responses such as blood pressure and heart rate [69].
Overall, LT shows promise for improving mental health
and cognitive performance, but more research is needed
to understand its effects in various situations.

Strengths of the current review

Firstly, the foremost strength lies in the novelty of this
systematic review, marking it as the inaugural exploration
of the effects of LT across a diverse spectrum of mental
disorders. This pioneering aspect not only contributes
significantly to the existing body of literature but also
establishes a foundation for future research in this emerg-
ing field. Secondly, the review exhibits a comprehensive
analysis that spans a range of mental disorders, includ-
ing schizophrenia, ADHD, OCD, MDD, sleep disorders,
GAD, and Tourette syndrome. This breadth in coverage
enhances the study’s applicability and relevance to a wide
array of psychiatric conditions, providing a holistic per-
spective on the potential impact of LT supplementation.
Additionally, the adherence to rigorous methodology,
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following the PRISMA guidelines, instills confidence in
the reliability and validity of the study’s conclusions.

Limitations of the current review

First and foremost, among the limitations is the con-
strained number of studies available for analysis. This
scarcity restricts the breadth and depth of the conclu-
sions drawn, emphasizing the need for more exten-
sive research in this area. Secondly, the heterogeneity
observed in population characteristics, and outcome
measures introduces complexities in comparing and syn-
thesizing results. This heterogeneity poses challenges in
establishing consistent patterns of LT’s effects across dif-
ferent mental disorders. Additionally, the lack of stan-
dardized dosages and potential publication bias further
underscore the importance of interpreting the findings
with caution. Despite these limitations, the review serves
as a valuable starting point, shedding light on potential
avenues for future research to address these challenges
and enhance our understanding of LT’s impact on mental
disorders.

Conclusions

In summary, this pioneering systematic review marks
the first comprehensive exploration into the effects of LT
on a spectrum of mental disorders. The study’s strength
lies in its novelty, offering a groundbreaking examina-
tion of an under-researched area, and its broad analysis
covering diverse disorders. Notably, LT supplementation
demonstrated promising efficacy in reducing psychiatric
symptoms, particularly in schizophrenia, anxiety dis-
orders, and ADHD. However, the review is not without
limitations. The scarcity of studies, potential publication
bias, and the lack of standardized dosages underscore the
need for cautious interpretation. While the findings sug-
gest a potential role for LT in certain mental disorders,
these conclusions warrant validation through further
well-designed studies. Despite the current constraints,
this review contributes valuable insights into the thera-
peutic potential of LT. Future research should focus on
addressing the identified limitations, exploring individual
conditions separately, standardizing dosages, and investi-
gating the intricate mechanisms underlying LT’s effects.
This study serves as a crucial stepping stone, laying the
groundwork for a more nuanced understanding of LT’s
impact on mental health and offering avenues for more
targeted and effective interventions in the future.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512888-024-06285-y.

Supplementary Material 1

Supplementary Material 2



https://doi.org/10.1186/s12888-024-06285-y
https://doi.org/10.1186/s12888-024-06285-y

Moshfeghinia et al. BMC Psychiatry (2024) 24:886

Acknowledgements
Not applicable.

Author contributions

RM initiate the concept and conduct the initial investigation. AS and ES
conduct the evaluation and incorporate the findings; and in addition to SM
are responsible for composing the initial draft. Oversight throughout all stages
is provided by GA. The final version for publication is approved by all authors.

Funding
Not applicable.

Data availability
The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Clinical Trial Number
Not applicable.

Received: 20 February 2024 / Accepted: 11 November 2024
Published online: 04 December 2024

References

1. Moitra M, Owens S, Hailemariam M, Wilson KS, Mensa-Kwao A, Gonese G, et
al. Global Mental Health: where we are and where we are going. Curr Psychia-
try Rep. 2023;25(7):301-11.

2. Leichsenring F, Steinert C, Rabung S, loannidis JPA. The efficacy of psycho-
therapies and pharmacotherapies for mental disorders in adults: an umbrella
review and meta-analytic evaluation of recent meta-analyses. World Psychia-
try. 2022;21(1):133-45.

3. Hidese S, Ota M, Wakabayashi C, Noda T, Ozawa H, Okubo T, et al. Effects of
chronic I-theanine administration in patients with major depressive disorder:
an open-label study. Acta Neuropsychiatr. 2017;29(2):72-9.

4. Nematizadeh M, Ghorbanzadeh H, Moghaddam HS, Shalbafan M, Boroon
M, Keshavarz-Akhlaghi AA, et al. L-theanine combination therapy with
fluvoxamine in moderate-to-severe obsessive-compulsive disorder: a
placebo-controlled, double-blind, randomized trial. Psychiatry Clin Neurosci.
2023,77(9):478-85.

5. Pruneti C, Guidotti S. Need for Multidimensional and Multidisciplinary
Management of Depressed preadolescents and adolescents: a review of
Randomized controlled trials on oral supplementations (Omega-3, Fish Oil,
Vitamin D(3)). Nutrients. 2023;15(10).

6.  Ritsner MS, Miodownik C, Ratner Y, Shleifer T, Mar M, Pintov L, et al. L-theanine
relieves positive, activation, and anxiety symptoms in patients with schizo-
phrenia and schizoaffective disorder: an 8-week, randomized, double-blind,
placebo-controlled, 2-center study. J Clin Psychiatry. 2011,72(1):34-42.

7. Miodownik C, Maayan R, RatnerY, Lerner V, Pintov L, Mar M, et al. Serum levels
of brain-derived neurotrophic factor and cortisol to sulfate of dehydroepi-
androsterone molar ratio associated with clinical response to L-theanine as
augmentation of antipsychotic therapy in schizophrenia and schizoaffective
disorder patients. Clin Neuropharmacol. 2011;34(4):155-60.

8. Lyon MR, Kapoor MP, Juneja LR. The effects of L-theanine (Suntheanine®) on
objective sleep quality in boys with attention deficit hyperactivity disorder
(ADHD): a randomized, double-blind, placebo-controlled clinical trial. Altern
Med Rev. 2011;16(4):348-54.

9. Kardashev A, Ratner Y, Ritsner MS. Add-On pregnenolone with L-Theanine
to antipsychotic therapy relieves negative and anxiety symptoms of

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

Page 13 of 14

Schizophrenia: an 8-Week, Randomized, Double-Blind, placebo-controlled
trial. Clin Schizophr Relat Psychoses. 2018;12(1):31-41.

Sarris J, Byrne GJ, Cribb L, Oliver G, Murphy J, Macdonald P, et al. L-theanine
in the adjunctive treatment of generalized anxiety disorder: a double-blind,
randomised, placebo-controlled trial. J Psychiatr Res. 2019;110:31-7.
Kahathuduwa CN, Wakefield S, West BD, Blume J, Dassanayake TL, Weer-
asinghe VS, et al. Effects of L-theanine-caffeine combination on sustained
attention and inhibitory control among children with ADHD: a proof-of-
concept neuroimaging RCT. Sci Rep. 2020;10(1):13072.

Rizzo R, Prato A, Scerbo M, Saia F, Barone R, Curatolo P. Use of Nutritional
supplements based on L-Theanine and vitamin B6 in children with Tourette
Syndrome, with anxiety disorders: a pilot study. Nutrients. 2022;14(4).
Imafuku F, Yamamoto K, Tanaka E, Aoki R, Nishino S. Analysis of the effects of
known sleep-support supplements in relation to Life habits, Sleep conditions,
and sleep problems. Nutrients. 2023;15(10).

Shamabadi A, Kafi F, Arab Bafrani M, Asadigandomani H, F AB, Akhondza-
deh S. I-theanine adjunct to sertraline for major depressive disorder: a
randomized, double-blind, placebo-controlled clinical trial. J Affect Disord.
2023;333:38-43.

Shamabadi A, Fattollahzadeh-Noor S, Fallahpour B, Khodaei Ardakani FAB,
Akhondzadeh MR. S. L-Theanine adjunct to risperidone in the treatment

of chronic schizophrenia inpatients: a randomized, double-blind, placebo-
controlled clinical trial. Psychopharmacology. 2023.

Li MY, Liu HY, Wu DT, Kenaan A, Geng F, Li HB, et al. L-Theanine: a unique func-
tional amino acid in tea (Camellia sinensis L) with multiple health benefits
and food applications. Front Nutr. 2022;9:853846.

Cho HS, Kim'S, Lee SY, Park JA, Kim SJ, Chun HS. Protective effect of the green
tea component, L-theanine on environmental toxins-induced neuronal cell
death. Neurotoxicology. 2008;29(4):656-62.

SumathiT, Asha D, Nagarajan G, Sreenivas A, Nivedha R. I-Theanine alleviates
the neuropathological changes induced by PCB (Aroclor 1254) via inhibiting
upregulation of inflammatory cytokines and oxidative stress in rat brain.
Environ Toxicol Pharmacol. 2016;42:99-117.

Yuan S, Brown JC, Gold M, Tirrell E, Jones RN, Carpenter LL. Effects of
single-dose L-theanine on motor cortex excitability. Clin Neurophysiol.
2021;132(9):2062-4.

Anas Sohail A, Ortiz F, Varghese T, Fabara SP, Batth AS, Sandesara DP, et al.
The cognitive-enhancing outcomes of caffeine and L-theanine: a systematic
review. Cureus. 2021;13(12):e20828.

tata M, Getka B, Kwiecier J, Przyborowska K, Wiejak K, Rukat M. The applica-
tion of L-theanine for patients with mental health conditions - a review. J
Educ Health Sport. 2024;53:137-47.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. Syst Reviews. 2021;10(1):1-11.

Higgins JP, Green S. Cochrane handbook for systematic reviews of interven-
tions. 2008.

Sterne JA, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron | et al. RoB 2: a
revised tool for assessing risk of bias in randomised trials. BMJ. 2019;366.
Brisch R, Saniotis A, Wolf R, Bielau H, Bernstein HG, Steiner J, et al. The role

of dopamine in schizophrenia from a neurobiological and evolutionary
perspective: old fashioned, but still in vogue. Front Psychiatry. 2014;5:47.
Yamada T, Terashima T, Okubo T, Juneja LR, Yokogoshi H. Effects of theanine,
r-glutamylethylamide, on neurotransmitter release and its relationship with
glutamic acid neurotransmission. Nutr Neurosci. 2005;8(4):219-26.
Yokogoshi H, Kobayashi M, Mochizuki M, Terashima T. Effect of theanine,
r-glutamylethylamide, on brain monoamines and striatal dopamine release
in conscious rats. Neurochem Res. 1998:23(5):667-73.

Lardner AL. Neurobiological effects of the green tea constituent theanine
and its potential role in the treatment of psychiatric and neurodegenerative
disorders. Nutr Neurosci. 2014;17(4):145-55.

Nathan PJ, Lu K, Gray M, Oliver C. The neuropharmacology of L-theanine(N-
ethyl-L-glutamine): a possible neuroprotective and cognitive enhancing
agent. J Herb Pharmacother. 2006,6(2):21-30.

Oades RD. Dopamine-serotonin interactions in attention-deficit hyperactivity
disorder (ADHD). Prog Brain Res. 2008;172:543-65.

Singh K, Zimmerman AW. Sleep in Autism Spectrum disorder and attention
deficit hyperactivity disorder. Semin Pediatr Neurol. 2015;22(2):113-25.
Nobre AC, Rao A, Owen GN. L-theanine, a natural constituent in tea, and its
effect on mental state. Asia Pac J Clin Nutr. 2008;17(Suppl 1):167-8.

Ying Y, Ho J, Wang J. Analysis of Theanine in Tea leaves by HPLC with fluores-
cence detection. J Lig Chromatogr Relat Technol. 2005;28:727-37.



Moshfeghinia et al. BMC Psychiatry

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

(2024) 24:886

Alcézar A, Ballesteros O, Jurado JM, Pablos F, Martin MJ, Vilches JL, et al. Dif-
ferentiation of green, white, black, Oolong, and Pu-erh teas according to their
free amino acids content. J Agric Food Chem. 2007,55(15):5960-5.

Teschke R, Zhang L, Melzer L, Schulze J, Eickhoff A. Green tea extract and
the risk of drug-induced liver injury. Expert Opin Drug Metab Toxicol.
2014;10(12):1663-76.

Mazzanti G, Di Sotto A, Vitalone A. Hepatotoxicity of green tea: an update.
Arch Toxicol. 2015;89(8):1175-91.

Wang D, Meng J, Xu K, Xiao R, Xu M, Liu'Y, et al. Evaluation of oral subchronic
toxicity of Pu-erh green tea (camellia sinensis var. assamica) extract in
Sprague Dawley rats. J Ethnopharmacol. 2012;142(3):836-44.

Wu KM, Yao J, Boring D. Green tea extract-induced lethal toxicity in fasted but
not in nonfasted dogs. Int J Toxicol. 2011;30(1):19-20.

Shen M, Yang Y, WuY, Zhang B, Wu H, Wang L, et al. L-theanine ameliorate
depressive-like behavior in a chronic unpredictable mild stress rat model
via modulating the monoamine levels in limbic-cortical-striatal-pallidal-
thalamic-circuit related brain regions. Phytother Res. 2019;33(2):412-21.
Dramard V, Kern L, Hofmans J, Réme CA, Nicolas CS, Chala V, et al. Effect of
|-theanine tablets in reducing stress-related emotional signs in cats: an open-
label field study. Ir Veterinary J. 2018;71(1):21.

Mason R. 200 mg of Zen: L-Theanine boosts alpha waves, promotes Alert
Relaxation. Altern Complement Ther. 2001,7(2):91-5.

Yokogoshi H, Terashima T. Effect of theanine, r-glutamylethylamide, on brain
monoamines, striatal dopamine release and some kinds of behavior in rats.
Nutrition. 2000;16(9):776-7.

Sadzuka Y, Sugiyama T, Suzuki T, Sonobe T. Enhancement of the activ-

ity of doxorubicin by inhibition of glutamate transporter. Toxicol Lett.
2001;123(2-3):159-67.

Kakuda T, Yanase H, Utsunomiya K, Nozawa A, Unno T, Kataoka K. Protective
effect of y-glutamylethylamide (theanine) on ischemic delayed neuronal
death in gerbils. Neurosci Lett. 2000,289(3):189-92.

Lu K, Gray MA, Oliver C, Liley DT, Harrison BJ, Bartholomeusz CF, et al. The
acute effects of <scp > L-theanine in comparison with alprazolam on antici-
patory anxiety in humans. Hum Psychopharmacology: Clin Experimental.
2004;19(7):457-65.

Kimura R, Murata T. Influence of alkylamides of glutamic acid and related
compounds on the Central Nervous System. I. Central Depressant Effect of
Theanine. Chem Pharm Bull. 1971;19(6):1257-61.

Nagasawa K, Aoki H, Yasuda E, Nagai K, Shimohama S, Fujimoto S. Possible
involvement of group | mGluRs in neuroprotective effect of theanine. Bio-
chem Biophys Res Commun. 2004;320(1):116-22.

Kakuda T. Neuroprotective effects of the Green Tea Components Theanine
and catechins. Biol Pharm Bull. 2002;25(12):1513-8.

Takeda A, Sakamoto K, Tamano H, Fukura K, Inui N, Suh SW, et al. Facilitated
neurogenesis in the developing Hippocampus after Intake of Theanine, an
amino acid in Tea leaves, and object recognition memory. Cell Mol Neurobiol.
2011;31(7):1079-88.

Rupprecht R. The neuropsychopharmacological potential of neuroactive
steroids. J Psychiatr Res. 1997,31(3):297-314.

Pérez-Neri |, Montes S, Ojeda-Lépez C, Ramirez-Bermudez J, Rios C. Modula-
tion of neurotransmitter systems by dehydroepiandrosterone and dehydro-
epiandrosterone sulfate: mechanism of action and relevance to psychiatric
disorders. Prog Neuropsychopharmacol Biol Psychiatry. 2008;32(5):1118-30.
Yokogoshi H, Mochizuki M, Saitoh K, Bioscience. Biotechnol Biochem.
1998,62(4):816-7.

Egashira N, Hayakawa K, Osajima M, Mishima K, lwasaki K, Oishi R, et al.
Involvement of GABAA Receptors in the neuroprotective effect of theanine
on focal cerebral ischemia in mice. J Pharmacol Sci. 2007;105(2):211-4.
Lopes Sakamoto F, Metzker Pereira Ribeiro R, Amador Bueno A, Oliveira
Santos H. Psychotropic effects of L-theanine and its clinical properties: from

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 14 of 14

the management of anxiety and stress to a potential use in schizophrenia.
Pharmacol Res. 2019;147:104395.

Sebih F, Rousset M, Bellahouel S, Rolland M, de Jesus Ferreira MC, Guiramand
J, et al. Characterization of -Theanine excitatory actions on hippocampal
neurons: toward the generation of novel N-Methyl-d-aspartate receptor
modulators based on its backbone. ACS Chem Neurosci. 2017;8(8):1724-34.
Dasdelen MF, Er S, Kaplan B, Celik S, Beker MC, Orhan C, et al. A Novel The-
anine Complex, Mg-L-Theanine improves Sleep Quality via regulating Brain
Electrochemical Activity. Front Nutr. 2022,9:874254.

Tamano H, Fukura K, Suzuki M, Sakamoto K, Yokogoshi H, Takeda A. Preven-
tive effect of theanine intake on stress-induced impairments of hippoca-
mapal long-term potentiation and recognition memory. Brain Res Bull.
2013;95:1-6.

Di X, Yan J, ZhaoY, Chang Y, Zhao B. L-theanine inhibits nicotine-induced
dependence via regulation of the nicotine acetylcholine receptor-dopamine
reward pathway. Sci China Life Sci. 2012;55(12):1064-74.

Gomez-Ramirez M, Kelly SP, Montesi JL, Foxe JJ. The effects of L-theanine on
alpha-band oscillatory brain activity during a visuo-spatial attention task.
Brain Topogr. 2009;22(1):44-51.

Higashiyama A, Htay HH, Ozeki M, Juneja LR, Kapoor MP. Effects of I-theanine
on attention and reaction time response. J Funct Foods. 2011;3(3):171-8.
Wang D, Gao Q, Wang T, Qian F, Wang Y. Theanine: the unique amino acid

in the tea plant as an oral hepatoprotective agent. Asia Pac J Clin Nutr.
2017,26(3):384-91.

Muench J, Hamer AM. Adverse effects of antipsychotic medications. Am Fam
Physician. 2010,81(5):617-22.

Edinoff AN, Nix CA, Hollier J, Sagrera CE, Delacroix BM, Abubakar T, et al.
Benzodiazepines: uses, dangers, and clinical considerations. Neurol Int.
2021;13(4):594-607.

Hidese S, Ogawa S, Ota M, Ishida |, Yasukawa Z, Ozeki M et al. Effects of
L-Theanine administration on stress-related symptoms and cognitive func-
tions in healthy adults: a Randomized Controlled Trial. Nutrients. 2019;11(10).
Dassanayake TL, Kahathuduwa CN, Weerasinghe VS. L-theanine improves
neurophysiological measures of attention in a dose-dependent man-

ner: a double-blind, placebo-controlled, crossover study. Nutr Neurosci.
2022,25(4):698-708.

Buonora JE, Krum PM, Ceremuga TE. Evaluation of the effects of L-Theanine
on neurobehavior in an adult male Sprague-Dawley Rat Model of PTSD. Plant
Sci Today. 2019;6(3):299-308.

Moulin M, Crowley DC, Xiong L, Guthrie N, Lewis ED. Safety and Efficacy of
AlphaWave® I-Theanine supplementation for 28 days in healthy adults with
moderate stress: a Randomized, Double-Blind, placebo-controlled trial.
Neurol Therapy. 2024;13(4):1135-53.

Evans M, McDonald AC, Xiong L, Crowley DC, Guthrie NA, Randomized,
Triple-Blind. Placebo-Controlled, crossover study to investigate the efficacy of
a single dose of AlphaWave® I-Theanine on stress in a healthy Adult Popula-
tion. Neurol Therapy. 2021;10(2):1061-78.

Williams J, McKune AJ, Georgousopoulou EN, Kellett J, D'Cunha NM, Sergi

D, et al. The Effect of L-Theanine Incorporated in a functional food product
(Mango Sorbet) on physiological responses in healthy males: a Pilot Ran-
domised Controlled Trial. Foods. 2020;9(3):371.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The effects of L-theanine supplementation on the outcomes of patients with mental disorders: a systematic review
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Search strategy
	﻿Eligibility criteria
	﻿Study selection
	﻿Data extraction
	﻿Risk of bias assessment

	﻿Results


