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L-Theanine Relieves Positive, Activation, and Anxiety Symptoms  
in Patients With Schizophrenia and Schizoaffective Disorder:  
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Objective: L-Theanine is a unique amino  
acid present almost exclusively in the tea plant. 
It possesses neuroprotective, mood-enhancing, 
and relaxation properties. This is a first study de-
signed to evaluate the efficacy and tolerability of 
L-theanine augmentation of antipsychotic treatment 
of patients with chronic schizophrenia and schizo-
affective disorder.

Method: 60 patients with DSM-IV schizo
phrenia or schizoaffective disorder participated 
in an 8-week, double-blind, randomized, placebo-
controlled study. 400 mg/d of L-theanine was 
added to ongoing antipsychotic treatment from 
February 2006 until October 2008. The outcome 
measures were the Positive and Negative Syndrome 
Scale (PANSS), the Hamilton Anxiety Rating Scale 
(HARS), the Cambridge Neuropsychological Test 
Automated Battery (CANTAB) for neurocognitive 
functioning, and additional measures of general 
functioning, side effects, and quality of life.

Results: 40 patients completed the study 
protocol. Compared with placebo, L-theanine aug-
mentation was associated with reduction of anxiety 
(P = .015; measured by the HARS scale) and positive 
(P = .009) and general psychopathology (P < .001) 
scores (measured by the PANSS 3-dimensional 
model). According to the 5-dimension model of 
psychopathology, L-theanine produced significant  
reductions on PANSS positive (P = .004) and activa-
tion factor (P = .006) scores compared to placebo. 
The effect sizes (Cohen d) for these differences 
ranged from modest to moderate (0.09–0.39). 
PANSS negative and CANTAB task scores,  
general functioning, side effect, and quality  
of life measures were not affected by L-theanine 
augmentation. L-Theanine was found to be a safe 
and well-tolerated medication.

Conclusions: L-Theanine augmentation of 
antipsychotic therapy can ameliorate positive, acti-
vation, and anxiety symptoms in schizophrenia and 
schizoaffective disorder patients. Further long-term 
studies of L-theanine are needed to substantiate 
the clinically significant benefits of L-theanine 
augmentation.
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Schizophrenia is a disabling psychiatric disorder that  
is characterized by positive, negative, mood, and cogni-

tive symptoms. The majority of patients with schizophrenia 
exhibit functional and quality of life deficits. Using antipsy-
chotic agents, other medicines, and nonpharmacological 
interventions for treating schizophrenia patients remains  
insufficient and incomplete. At present, debates as to whether 
second-generation antipsychotic drugs (SGAs) are better 
than first-generation antipsychotic drugs (FGAs) in the treat-
ment of patients with schizophrenia are still ongoing.1,2

Neuroprotection is a property of some agents that should 
reverse some injuries or prevent further damage. Since there 
is no specific palliative medication for mental disturbances, 
neuroprotection has become the focus of intense research 
over the past few years, especially in psychiatric disorders, 
such as schizophrenia,3,4 associated with progressive brain 
tissue loss. Therefore, it is opportune to look for com-
pounds in order to achieve brain protection. This subject 
is one of the current challenges for both psychiatrists and 
neuroscientists.

The majority of neuroprotective agents are biologically 
active natural products, either plant extracts or endogenous 
peptides/proteins. Gamma-ethylamino-L-glutamic acid 
(L-theanine) is a biologically active natural product that is 
present almost exclusively in the tea plant, Camellia sinensis, 
where it is typically found in concentrations from 1% to 2% 
of dry weight.5 L-Theanine can pass the blood-brain barrier, 
and it has various neurochemical effects on the brain.6–8

The main effect of L-theanine is neuroprotective. In par-
ticular, L-theanine directly provides neuroprotection against 
focal cerebral ischemia,9–11 and it appears capable of pre-
venting cell death caused by kainic acid.12 It also protects 
against glutamate neurotoxicity and stimulates the release 
of nerve growth factor.13 Animal studies indicate possible 
neuroprotective effects of L-theanine in the hippocampus 
through blockade of multiple glutamate receptor subtypes, 
N-methyl-d-aspartate (NMDA), and α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) receptors.11,12,14 
L-Theanine directly provides neuroprotection against 
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Parkinson’s disease–related neurotoxic agents, while pre-
treatment with L-theanine significantly attenuates the 
down-regulation of brain-derived neurotrophic factor 
and glial cell line-derived neurotrophic factor production 
in cultured human dopaminergic cell lines.13 The neuro-
protective effect of theanine is mediated, at least in part, 
by γ-aminobutyric acid (GABAA) receptors.15 Kakuda and 
colleagues12 suggest that the mechanism of the neuroprotec-
tive effect of L-theanine is related not only to the glutamate  
receptor but also to other mechanisms such as the glutamate 
transporter.

Other effects of L-theanine are mood-enhancing12,16,17 
and relaxation,18 which may be explained by the effects of 
L-theanine on neurotransmitters in the brain, such as dopa-
mine (DA), and serotonin (5-hydroxytryptamine, or 5-HT) 

7,19,20; L-theanine may inhibit excitatory neurotransmission 
and cause inhibitory neurotransmission via glycine recep-
tors.8,21 Some neurochemistry studies report that L-theanine 
increases brain DA, 5-HT, and GABA levels, and it has micro-
molar affinities for AMPA, kainate, and NMDA receptors.7,22 
L-Theanine was also reported to induce reduction of gluta-
mate reuptake by inhibition of glutamate transporter.23

The antioxidant activity of L-theanine has been stud-
ied in regard to its effect on the oxidation of low-density 
lipoprotein (LDL) cholesterol. In vitro testing, using malon-
dialdehyde as a marker of lipid peroxidation, demonstrated 
inhibition of LDL oxidation with L-theanine, although the 
effect was weaker than with the potent antioxidant effect 
of green tea polyphenols.24 Thus, L-theanine displays a 
neuropharmacology suggestive of a possible neuroprotec-
tive, psychological stress–reducing, and cognitive enhancing 
agent, and it warrants further investigation in animals and 
humans. Although there are many investigations into the 
neuroprotective ability of L-theanine, it is not approved for 
any therapeutic use in the United States and other Western 
countries.

To date there is no study that demonstrates the neuro-
protective activity of L-theanine in amelioration of any 

neurodegenerative condition. To the best of our knowledge, 
no clinical trials with L-theanine in patients with schizo-
phrenia and schizoaffective disorder have been published. 
In this article, we report data from a clinical double-
blind study that examined the efficacy and tolerability of  
L-theanine as add-on therapy to antipsychotic treatment. 
Given the neuroprotective and neuromodulatory potential 
roles of L-theanine, we hypothesized that L-theanine aug-
mentation of ongoing antipsychotic therapy would improve 
both psychotic symptoms and cognitive performance in 
chronic schizophrenia and schizoaffective disorder patients, 
and to a greater extent than placebo administration.

METHOD

Patients
From February 2006 to October 2008, 67 patients with 

schizophrenia or schizoaffective disorder were consecu
tively recruited among the inpatient and outpatient services 
of 2 large state referral hospitals: the Sha’ar Menashe Mental 
Health Center and the Be’er-Sheva Mental Health Center, 
Hadera, Israel. Of all screened subjects, 7 patients did not 
enter the study; 2 subjects were excluded due to comorbidity 
with substance abuse, and 5 patients declined to partici-
pate (Figure 1). Sixty patients were randomized to receive  
L-theanine or placebo (30 patients in each group). The study 
sample consisted of 12 women and 48 men. The mean (SD) 
age of the subjects was 36.4 (11.5) years (range, 19–55 years), 
and mean education was 11.4 (SD = 2.4) years (range, 6–18 
years). Five percent (n = 3) were married, 76.7% (n = 46) were 
single, and 18.3% (n = 11) were divorced or widowed. Mean 
age at onset of illness was 24.4 (SD = 9.1) years (range, 9–43 
years), mean duration of illness was 12.3 (SD = 8.6) years 
(range, 2–30 years), and mean number of admissions was 8.6 
(SD = 9.3) (range, 1–30). Forty-eight subjects met Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition 
(DSM-IV) criteria for paranoid schizophrenia, while 12 met 
DSM-IV criteria for schizoaffective disorder.

 

Assessed for eligibility (n = 67)

Randomized (n = 60)

Received placebo (n = 30)Received L-theanine,
400 mg/day (n = 30)

Met exclusion criteria (n = 2)
Refused to participate (n = 5)

Excluded (n = 7)

Change in antipsychotic drugs (n = 4)
Noncompliance (n = 5)

Discontinued trial (n = 9)
Change in antipsychotic drugs (n = 6)
Noncompliance (n = 5)

Discontinued trial (n= 11)

Completed trial (n = 19)
Did not complete trial (LOCF) (n = 6)
Excluded (n = 5)

Completed trial (n = 21)
Did not complete trial (LOCF) (n = 6)
Excluded (n = 3)

Figure 1. Flow Diagram of the Study Population
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At baseline, the L-theanine and placebo groups were 
matched by means of sex (χ2

1 = 3.7, P = .062), marital status 
(χ2

2 = 0.5, P = .77), distribution of diagnoses (schizophre-
nia or schizoaffective disorder, χ2

1 = 0.4, P = .52), patients’ 
age, age at illness onset, number of hospitalizations, dura-
tion of disease, and body mass index (all P values > .05). 
Twenty-one patients were treated with the FGAs chlorpro-
mazine, haloperidol, haloperidol decanoate, perphenazine, 
zuclopenthixol, zuclopenthixol decanoate, and fluphenazine 
decanoate; 25 patients were treated with the SGAs clozapine, 
risperidone, olanzapine, quetiapine, ziprasidone, and ami-
sulpride; and 14 patients received both types of antipsychotic 
medications (combined therapy). Allocation in this study 
was independent of FGA, SGA, or combined therapy treat-
ment group (χ2

2 = 1.7, P = .42). Mean (SD) chlorpromazine 
equivalents in the FGA group were 564 (315) mg/d, in the 
SGA group were 450 (227) mg/d, and in the combined 
therapy group were 638 (368) mg/d (analysis of variance 
[ANOVA], F2,60 = 1.3, P = .27).25,26 Besides the antipsychotic 
medications, the patients continued taking the anticholin-
ergics and benzodiazepines that they received prior to the 
study recruitment. The enrolled patients were not treated 
with antidepressants.

Study Design
This was an 8-week, 2-center, fixed-dose trial with 400 

mg/d L-theanine as add-on to on-going antipsychotic 
treatment.

Inclusion criteria were (1) duration of illness longer than 
2 years, (2) age from 18 to 60 years, (3) at least 2 weeks of 
ongoing constant antipsychotic treatment before the study 
entry, and (4) ability and willingness to sign informed con-
sent. Major exclusion criteria included (1) an unstable mental 
condition, (2) any significant physical or neurologic illness, 
(3) pregnancy, and (4) treatment with mood stabilizers. The 
absence of medical or neurologic illnesses was verified by 
means of a routine laboratory investigation, physical and 
neurologic examinations, reports of the patient’s family 
physician, and medical records. It was forbidden to add any 
other psychoactive medication before entry or during the 
entire study period. Prior to starting the study, all subjects 
provided written informed consent after receiving a full  
explanation regarding the nature of the study and its  
potential risks and benefits. The study was approved by the 
institutional review boards of the 2 participating centers and 
the national Ministry of Health Ethical Review Board. The 
study was registered at clinicaltrials.gov (NCT00372151).

Senior psychiatrists (M.S.R., C.M., Y.R., T.S., and V.L.) 
at each site enrolled and established patients’ diagnoses 
according to DSM-IV criteria. At the screening visit, the  
investigators collected background and demographic data,  
a family and personal history, details about the present ill-
ness, medications, and a psychiatric and general medical 
history. A physical examination and blood samples for labo-
ratory analysis were done as well.

After screening and baseline assessments, patients were 
randomized (by means of random number generation) to 

receive either 400 mg/d (200 mg × 2 times/d) of L-theanine 
or placebo in identical capsules (Biosynergy, Boise, Idaho) 
for 8 weeks in a double-blind mode. The randomization 
procedure was performed using the Random Allocation 
Software (Version 1.0, May 2004; M Saghaei, MD; Depart-
ment of Anesthesia, Isfahan University of Medical Sciences, 
Isfahan, Iran; available at: http://mahmoodsaghaei.tripod.
com/Softwares/randalloc.html).

The pharmacist, who conducted randomization of par-
ticipants by using a random and equal block size for placebo 
and L-theanine, was responsible for keeping the blinding of 
the trial. None of the investigators had any control over the 
randomization of the patients. Allocated patients’ details 
were coded and kept confidential in the pharmacy safe until 
the trial was completed. Neither clinicians nor patients were 
able to identify the impending treatment allocation. None of 
the codes were broken during the trial period.

The outcome measures were collected over 5 visits: a 
baseline visit before starting therapy and then after 2, 4, 6, 
and 8 weeks. Neurocognitive tests were performed at base-
line and after 4 and 8 weeks. All observed or self-reported 
adverse events that appeared during the study or exacerba-
tions of preexisting illnesses were recorded. Adverse events 
were evaluated for severity, duration, and possible connec-
tion to the studied drug.

Outcome Measures
All outcome measures were performed by psychiatrists 

who were blind to the patients’ medication. The primary 
rating tools were the Clinical Global Impressions-Severity 
of Illness scale (CGI-S),27 the Positive and Negative Syn-
drome Scale (PANSS),28 the Calgary Depression Scale for 
Schizophrenia (CDSS),29 and the Hamilton Anxiety Rating 
Scale (HARS).27 Secondary outcome measures included the 
computerized Cambridge Automated Neuropsychological 
Test Battery (CANTAB),30,31 the Global Assessment of 
Functioning (GAF),32 the Extrapyramidal Symptom Rating 
Scale (ESRS),33,34 the Quality of Life Scale (QLS),35 and the 
Quality of Life Enjoyment and Satisfaction Questionnaire-
abbreviated version (Q-LES-Q-18).36

The CANTAB battery tests, which run on an IBM-
compatible personal computer with a touch-sensitive screen, 
are grouped into the following cognitive domains: atten-
tion, memory, and executive functions. In particular, the 
tests included Matching to Sample Visual Search (a speed/
accuracy trade-off task, testing the subject’s ability to match 
visual samples), Delayed Matching to Sample (a test of per-
ceptual matching, immediate and delayed visual memory, 
in a 4-choice simultaneous and delayed recognition mem-
ory paradigm), Pattern Recognition Memory, Rapid Visual  
Information Processing (sustained attention), and Stockings 
of Cambridge. The nonverbal nature of the CANTAB tests 
makes them largely language-independent and culture-free. 
Performance on neurocognitive tests was presented using the 
standard z score, which is given as the number of standard 
deviations (± SD) from the mean performance computed 
relative to an extensive database of raw scores for healthy 
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adult subjects matched by age and sex. Z scores were calcu-
lated by the CANTAB program on the basis of the extensive 
normative database included in CANTAB. A negative value 
of the z score indicates poorer than average performance.

Statistical Analysis
Each patient had data for 5 rating periods, as described 

above. Patients who completed the whole study (completers) 
were included into statistical analysis. Due to the occurrence 
of dropouts, the last-observation-carried-forward procedure 
(LOCF) was used to analyze those subjects who completed 
at least 4 weeks (selected a priori) but failed to complete 
all 8 weeks of the study (noncompleters). Last-observation-
carried-forward data were of primary interest since those 
results are less influenced by differential dropout rates for 
the L-theanine versus placebo groups.

The primary focus of the efficacy analyses was around 
total scores for the psychiatric rating scales. Efficacy was 
analyzed using 3-factor and 5-factor model scores of schizo-
phrenia symptoms based on 30 items of the PANSS. The 
original 3-factor model28 includes negative (N1–N7), positive 
(P1–P7), and general psychopathology (G1–G16) subscales, 
while the 5-factor model37 includes positive factor (P1, P3, P5, 
G1, G9), negative factor (N1, N2, N3, N4, N6, G5, G7, G8, G13, 
G14), activation factor (P4, P7, N3, G4, G8, G14), dysphoric 
mood factor (G1, G2, G3, G4, G6), and autistic preoccupa-
tions factor (P3, N5, N7, G11, G13, G15), which fit better to the 
multidimensional model describing the psychopathology of 
schizophrenia.37–39

Statistical analysis of rating scale and questionnaire scores 
was done with repeated-measures ANOVA using the gen-
eral linear model and the Greenhouse-Geisser correction, 

with 3 factors: (1) “treatment condition” (L-theanine ver-
sus placebo), (2) “time” (at baseline and at weeks 2, 4, 6, 
and 8), and (3) “completers versus noncompleters.” In order 
to test the possible impact of antipsychotic treatment and 
DSM-IV diagnosis on between-group differences in outcome 
variables, 2 additional modifications of the ANOVA model 
were applied. In these models, 2 factors (“treatment condi-
tion” and “time”) were entered with either drug treatment 
(FGAs, SGAs, combined therapy) or DSM-IV diagnosis 
(schizophrenia versus schizoaffective disorder) as the third 
factor. Post hoc analyses were carried out in cases of sig-
nificant outcomes, using the Tukey-Kramer method and the  
Bonferroni correction for multiple comparisons.

Effect size (d) was calculated by using the method of 
Cohen40 for paired samples. An effect size of 0.20 was con-
sidered small, 0.50 was considered medium, and 0.80 was 
considered large. Continuous variables were compared by 
using the 2-tailed t test or the Wilcoxon signed rank test 
(z) for assessing the difference in medians. Differences in 
frequency of categorical variables were analyzed by the 
χ2 test. For all analyses, the level of statistical significance 
was defined as α less than .05. Statistical analyses were per-
formed by the Number Cruncher Statistical Systems (NCSS, 
Kaysville, Utah).

RESULTS

Baseline Characteristics of the Experimental Groups
Forty patients (9 of 12 women and 31 of 48 men) com-

pleted the trial. The mean (SD) age of completers was 33.9 
(10.6) years. Baseline demographic and clinical characteris-
tics of these subjects are presented in Table 1.

Of 20 subjects who dropped out, 11 patients received  
L-theanine, while the other 9 patients received placebo. More 
specifically, 5 patients from the L-theanine group and 3  
patients from the placebo group dropped out during the  
first 2 weeks of the study. Another 12 patients (6 of each 
treatment group) dropped out between the fourth and sixth 
week. Reasons for dropping out were not related to the  
L-theanine or placebo administration: 10 patients dropped 
out due to change in antipsychotic treatment (exclusion cri-
terion) and another 10 due to noncompliance.

Eight patients, who dropped out during the first 2 weeks, 
were excluded from statistical analysis, while missing data of 
another 12 dropped-out subjects were imputed using LOCF 
procedure. Thus, 40 completers and 12 noncompleters were 
included in the data analyses (as described in the statistical 
analysis section).

At baseline, no significant differences in mean scores of 
all rating scales (PANSS, CDSS, HARS, CGI-S, GAF, ESRS, 
QLS, and Q-LES-Q-18) were found between the L-theanine 
and placebo groups (t test: all P values > .05).

Effectiveness
Psychiatric rating scales. As shown in Table 2, among 

the L-theanine group, a significant reduction in scores was 
found on PANSS positive (F1,236 = 6.9, P = .009) and general 

Table 1. Baseline Characteristics of Patients (n = 40) With 
Schizophrenia and Schizoaffective Disorder Who Completed an 
8-Week Clinical Trial of L-Theanine Versus Placebo

Variable
Placebo  
(n = 21)

L-Theanine  
(n = 19)

Significancea

Test P
Age, mean (SD), y 32.3 (10.2) 35.4 (11.1) t = 0.9 .35
Education, mean (SD), y 11.1 (2.3) 11.7 (2.2) t = 0.7 .47
Age at onset, mean (SD), y 23.1 (10.9) 22.1 (7.4) t = 0.3 .75
No. of admissions, mean (SD) 8.9 (11.5) 9.2 (9.7) z = 0.6 .53
Duration of illness, mean 

(SD), y
9.3 (7.3) 12.0 (9.8) t = 1.5 .10

Body mass index, mean (SD), 
kg/m2

25.6 (2.6) 25.4 (6.0) t = 0.1 .89

Daily dose, mean (SD), mg/db 520 (296) 500 (191) t = 0.3 .80
Sex, male/female, n/n 14/7 17/2 χ2

1 = 2.9 .08
Married/single, n/nc 2/19 1/18 χ2

1 = 1.9d .17
DSM-IV diagnosis, n χ2

1 = 0.07 .79
Schizophrenia 17 16
Schizoaffective disorder 4 3

aContinuous variables were compared using the 2-tailed t test or the 
Wilcoxon signed rank test (z) for assessing the difference in medians. 
Differences in frequency of categorical variables were examined with 
the χ2 test.

bChlorpromazine equivalent.
cMarital status: single status includes never married, separated, divorced, 

and widowed.
dBecause 2 cells had an expected value less than 5, 2-tailed Fisher exact 

test was also applied (P = .49).
Abbreviation: DSM-IV = Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition.
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psychopathology subscales (F1,236 = 7.1, P < .001) in 
comparison to placebo.

According to the 5-factor PANSS model, in the 
L-theanine group, a significant decrease of scores 
was observed on the positive (from week 6 onward) 
(F1,236 = 8.5, P = .004), activation (F1,236 = 7.8, P = .006), 
dysphoric mood (F1,236 = 5.6, P = .019) (both from week 
2 onward), and autistic preoccupations (from week 8 
onward) (F1,236 = 4.4, P = .037) factors (Figure 2). How-
ever, no significant difference between the 2 groups was 
found on the PANSS negative subscale and negative fac-
tor scores (P > .05).

In addition, in the L-theanine augmentation group 
there was a significant amelioration of total HARS 
scores (onset of improvement on the second week) 
(F1,236 = 5.9, P = .015; Figure 3). Improvement was found 
in 5 HARS items: anxious mood (F1,236 = 9.0, P = .003), 
tension (F1,236 = 5.4, P = .021), intellectual (poor concen-
tration; F1,236 = 4.1, P = .044), muscular (muscle aches 
or pains, tinnitus; F1,236 = 6.4, P = .012), and sensory  
somatic complaints (F1,236 = 4.8, P = .030) in compari-
son to the placebo group. No statistical significance was 
observed on the CGI-S, CDSS, GAF, and quality of life 
scales (Table 2, first ANOVA model).

L-Theanine augmentation was associated with 
modest effect sizes for the PANSS positive subscale 
(d = 0.09), activation (d = 0.16), and autistic preoccu-
pations (d = 0.15) factor scores, whereas considerably 
larger effect sizes were seen for the PANSS general 
psychopathology subscale (d = 0.33), positive factor 
(d = 0.29), dysphoric mood factor (d = 0.33), and HARS 
scores (d = 0.39), compared with placebo.

Since 3 comparisons were significant (see Table 2, 
first ANOVA, treatment condition), the Bonferroni cor-
rection for 3 tests was applied (P = .05/3 = .0166). After 
the Bonferroni correction, improvement in total HARS 
scores and PANSS positive and general psychopathol-
ogy subscales remained significant (P < .05). When 
the 5-factor model of PANSS was used instead of the  
3-factor model, 5 comparisons were significant (the 
positive factor, activation factor, dysphoric mood fac-
tor, autistic preoccupations factor, and total HARS 
scores). After the Bonferroni correction (P = .05/5 = .01), 
improvement in the PANSS positive (P = .004) and acti-
vation (P = .006) factors remained significant (P < .05).

As Table 2 shows, both L-theanine and placebo aug-
mentation resulted in statistically significant decreases 
from baseline to end point of the study on the CGI-S, 
PANSS, HARS, and GAF scores (“time,” df = 4,236; all 
P values < .001) and CDSS scores (“time,” df = 4,236;  
P value < .01), while in the ESRS, QLS, and Q-LES-Q-
18 scores beneficial effect was not demonstrated (all P 
values > .05). However, no significant “treatment condi-
tions” by “time” interactions were indicated.

Completers vs noncompleters. The trial completers 
did not significantly differ from the noncompleters 
concerning sociodemographic and clinical data or Ta
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antipsychotic treatment (Table 1). Furthermore, there were 
no significant differences between the completers and non-
completers on the mean scores of all rating scales for the 
8-week trial period (df = 1,236; all P values > .05).

Neurocognitive functioning. At baseline, both groups 
were equal in performance of CANTAB tasks. L-Theanine 
and placebo did not influence this performance throughout 
the trial (all P values > .05).

Antipsychotic agents and DSM-IV diagnosis. Of 40 
completers, 11 patients were treated with FGAs, 18 patients 
were treated with SGAs, and 11 patients received combined  
therapy. There was no difference between either group  
regarding the distribution of medication type (χ2

2 = 0.3, 
P = .86) and chlorpromazine equivalents (mean [SD] = 600 
[332] mg/d for FGAs, 452 [222] mg/d for SGAs, and 519 
[178] mg/d for combined therapy) (ANOVA, F2,40 = 1.2, 
P = .30). Moreover, there was no statistical significance be-
tween these factor × time interactions on the evaluated scores 
of the PANSS and HARS (all P values > .05). As expected, 
CGI-S, PANSS negative subscale, and ESRS scores were 
lower in patients of both study groups treated with SGAs 
compared to those treated with FGAs and combined therapy 
(second ANOVA model; Bonferroni multiple comparison 
test, all P values < .05, Table 2).

When DSM-IV diagnosis was entered into the ANOVA 
model, no significant differences in rating scales were found 
between schizophrenia and schizoaffective disorder patients 
(all P values > .05; third ANOVA model, Table 2), while the 
above-mentioned differences from baseline to end point 
for both the L-theanine and placebo groups on the PANSS 
and HARS scores remained statistically significant (all  
P values < .001).

Tolerability and Safety
No treatment-related adverse events occurred in either 

group. There were no clinically significant changes in vital 
signs, electrocardiograms, or clinical laboratory variables  
associated with treatment.

DISCUSSION

To the best of our knowledge, this is the first trial de-
signed to evaluate the efficacy and tolerability of L-theanine 
augmentation of antipsychotic treatment in patients with 
chronic schizophrenia or schizoaffective disorder. The results 
of this study can be divided into 3 branches of findings.

The first branch, L-theanine (400 mg/d) augmentation, 
is associated with reduction of anxiety (assessed by HARS 
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Figure 2. PANSS Scores for an 8-Week Clinical Trial of L-Theanine (n = 30) Versus Placebo (n = 30) in Patients With Schizophrenia 
and Schizoaffective Disorder

*P < .05; **P < .01.
Abbreviation: PANSS = Positive and Negative Syndrome Scale.
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green tea, such as catechin, caffeine, tannin, flavonoid, and 
vitamin C. Juneja and colleagues50 reported that L-theanine 
improves cognitive function, attention, and learning, as 
well as heightens mental acuity; however, our findings do 
not support these conclusions. This discrepancy may be 
explained by the fact that our study is based on schizophre-
nia patients, while these researchers performed their study 
on healthy subjects. The length of our study treatment was 
too short to observe changes of quality of life and cognitive 
improvement.

In the third branch, as hypothesized, L-theanine was 
found to be a safe and well-tolerated medication. Our results 
show that L-theanine did not produce any side effects.

Next, since 8 patients who dropped out during the first 2 
weeks were excluded from statistical analysis, one method-
ological point (the true intention-to-treat analysis) should be 
mentioned here. The complex issues that arise in conduct-
ing and interpreting data from intention-to-treat analyses 
in studies with substantial levels of protocol violation (eg,  
attrition, noncompliance, or withdrawal of participants) have 
been widely discussed.51–53 True intention-to-treat analyses 
are rare in reports of randomized clinical trials.54 In prac-
tice, however, ad hoc methods such as LOCF imputation 
and complete-case analysis continue to be used.55 Leucht and 
associates56 reanalyzed a number of pivotal studies compar-
ing SGAs and FGAs. These researchers applied 4 different  
models: LOCF, completer analysis, LOCF but excluding 
dropouts due to adverse events, and LOCF but excluding 
all dropouts with the exception of dropouts related to effi-
cacy. Effect sizes expressed as standardized mean differences 
between SGAs and FGAs based on the 4 different analysis 
models were compared. Differences in overall results were 
not statistically significant irrespective of the model used.56

The mechanisms by which L-theanine might exert its 
antianxiety and antipsychotic effects have not been clearly 
elucidated in the scientific literature. Animal neurochemis-
try studies suggest that L-theanine increases brain GABA, 
5-HT, and DA levels and that it has micromolar affinities 
for AMPA and NMDA receptors.7 L-Theanine’s chemical 
structure is similar to that of L-glutamate, suggesting that it 
is able to act as a GABA agonist, capable of increasing brain 
GABA levels. According to the classic dopaminergic theory 
of psychosis, increased levels of brain dopamine may cause 
a psychotic attack. Since our results demonstrate ameliora-
tion of psychotic symptoms due to L-theanine addition to 
antipsychotic drugs, in opposition to its ability to increase 
dopamine level, we cannot explain our results by the classical 
theory. There are other modern theories of schizophrenia 
that can provide an explanation to this contradiction.57–59

The specific mechanisms by which L-theanine exerts its 
neuroprotective action are just beginning to be studied and 
clarified. L-Theanine acts antagonistically against the stimu-
latory effects of caffeine on the nervous system.16 Research 
on human volunteers has demonstrated that L-theanine 
creates a sense of relaxation within approximately 30–40 
minutes after ingestion via at least 2 different mechanisms. 
First, this amino acid directly stimulates the production of  
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Figure 3. Hamilton Anxiety Rating Scale Scores for an 8-Week 
Clinical Trial of L-Theanine (n = 30) and Placebo (n = 30) in 
Patients With Schizophrenia and Schizoaffective Disorder

*P < .05; onset of improvement occurred in week 2.

scale) and positive and general psychopathology scores  
(assessed by the PANSS 3-dimensional model). It should 
be mentioned that the beneficial effect of L-theanine was  
noticed from the second week of treatment. According to 
the 5-factor model of the PANSS, L-theanine produced sig-
nificant reduction in activation and positive factor scores 
compared to placebo (after the Bonferroni correction). The 
onset of the L-theanine amelioration effect was observed from 
second and sixth weeks, respectively. The effect sizes (Cohen 
d) for these changes were modest to moderate (0.09–0.39). 
No significant main effect for completers and noncom-
pleters, as well as for interactions (treatment conditions 
by time), was found. Type (FGAs or SGAs) and daily dose 
of antipsychotics or diagnosis, did not influence between-
group differences. Our findings regarding the ameliorative 
effect of L-theanine on anxiety are compatible with previous 
reports in which L-theanine showed some anxiolytic proper-
ties.14,41–43 A few studies performed on healthy volunteers 
show that L-theanine increases α brain wave activity, which 
correlates with a perceived state of relaxation.44,45 Moreover, 
L-theanine (200 mg) compared to alprazolam (1 mg/d) and 
placebo in healthy human subjects demonstrated a relax-
ing effect.14 Accumulated evidence suggests that L-theanine 
ameliorates emotional distress,42,45 subjective well-being,46 
and sleep quality.47

The second branch of the study suggests that L-theanine 
did not induce amelioration of negative and depressive 
symptoms, general functioning, extrapyramidal side effects, 
or cognitive and quality of life impairments during the study 
period. According to Hintikka and coworkers,48 a positive 
association between low levels of depressive symptoms in 
the Finnish general population and daily tea drinking was 
found. The authors describe a 50% reduced risk of depres-
sion among tea drinkers. On the other hand, Shimbo and 
colleagues,49 who screened tea drinkers, did not find any 
linkage between green tea consumption and mental health. 
Both studies were performed in healthy populations. Our 
results do not support the Finnish researchers’ conclusions, 
although there are many biological active ingredients in 
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α brain waves in occipital, parietal, and frontal brain areas, 
creating a state of deep relaxation and mental alertness simi-
lar to that achieved through meditation. Second, L-theanine 
is involved in the formation of the inhibitory neurotransmit-
ter, GABA. GABA, in its turn, influences the levels of 2 other 
neurotransmitters—dopamine and serotonin, which are the 
key to the relaxation effect.18 Recent evidence indicates 
that, in addition to well-established antioxidant properties, 
L-theanine, together with other components of green tea, 
has a positive impact on cell survival/death genes and sig-
nal transduction pathways.60 In the most recent publications 
there are some reports about L-theanine’s neuroprotective 
properties against brain injury.9,10 The positive results of our 
study may raise hopes and expectations that L-theanine may 
have neuroprotective ability in schizophrenia.

Limitations of this study include the relatively small sam-
ple size of patients and the relatively short duration of the 
study. Long-term, large-scale studies are required to obtain 
greater statistical significance and more confident clinical 
generalizations.

In conclusion, our results suggest that L-theanine aug-
mentation to antipsychotic therapy can ameliorate anxiety 
and positive and general psychopathology symptoms in 
schizophrenia and schizoaffective disorder patients. Further 
long-term, randomized, controlled studies of L-theanine 
performed in bigger samples are needed in order to provide 
scientific justification for this clinical observation.

Drug names: alprazolam (Xanax, Niravam, and others), clozapine 
(Clozaril, FazaClo, and others), haloperidol (Haldol and others),  
olanzapine (Zyprexa), quetiapine (Seroquel), risperidone (Risperdal  
and others), ziprasidone (Geodon).
Author affiliations: Department of Psychiatry, The Rappaport Faculty  
of Medicine, Technion, Israel Institute of Technology, Haifa (Prof 
Ritsner); Sha’ar Menashe Mental Health Center, Hadera (Prof Ritsner 
and Drs Ratner, Mar, and Pintov); and Division of Psychiatry, Faculty of 
Health Sciences, Ben-Gurion University of the Negev, Ministry of Health 
Be’er-Sheva Mental Health Center, Be’er-Sheva (Drs Miodownik and 
Shleifer and Prof Lerner), Israel.
Author contributions: M.S.R. contributed to study design and data 
analysis and collaborated with V.L. to oversee data collection. C.M., Y.R., 
T.S., M.M., L.P., and V.L. contributed to data collection. Primarily M.S.R. 
handled the manuscript preparation with contributions from C.M. and 
V.L. All authors contributed to and approved the final version of the 
manuscript.
Potential conflicts of interest: None reported. 
Funding/support: The study was supported by a Clinical Trials Grant 
(#06TGF-911) from the Stanley Medical Research Institute, Bethesda, 
Maryland.
Disclaimer: Dr Ritsner, as Principal Investigator, had full access to all of 
the data in the study and takes responsibility for the integrity of the data 
and the accuracy of the data analysis.

REFERENCES

  1.	 Leucht S, Corves C, Arbter D, et al. Second-generation versus first-
generation antipsychotic drugs for schizophrenia: a meta-analysis. 
Lancet. 2009;373(9657):31–41. doi:10.1016/S0140-6736(08)61764-X PubMed

  2.	 Tandon R, Belmaker RH, Gattaz WF, et al. Section of 
Pharmacopsychiatry, World Psychiatric Association. World Psychiatric 
Association Pharmacopsychiatry Section statement on comparative  
effectiveness of antipsychotics in the treatment of schizophrenia. 
Schizophr Res. 2008;100(1–3):20–38. doi:10.1016/j.schres.2007.11.033 PubMed

  3.	 Brimble MA, Levi MS. A review of agents patented for their neuropro
tective properties. Recent Patents CNS Drug Discov. 2006;1(2):139–146. doi:10.2174/157488906777452758PubMed PubMed

  4.	 Thompson PM, Bartzokis G, Hayashi KM, et al. HGDH Study Group. 
Time-lapse mapping of cortical changes in schizophrenia with different 

treatments. Cereb Cortex. 2009;19(5):1107–1123. doi:10.1093/cercor/bhn152 PubMed
  5.	 Ekborg-Ott KH, Taylor A, Armstrong DW. Varietal differences in the  

total and enantiomeric composition of theanine in tea. J Agric Food 
Chem. 1997;45(2):353–363. doi:10.1021/jf960432m

  6.	 Bryan J. Psychological effects of dietary components of tea: caffeine and 
L-theanine. Nutr Rev. 2008;66(2):82–90. doi:10.1111/j.1753-4887.2007.00011.x PubMed

  7.	 Nathan PJ, Lu K, Gray M, et al. The neuropharmacology of 
L-theanine(N-ethyl-L-glutamine): a possible neuroprotective and  
cognitive enhancing agent. J Herb Pharmacother. 2006;6(2):21–30. doi:10.1300/J157v06n02_02 PubMed

  8.	 Yamada T, Terashima T, Okubo T, et al. Effects of theanine,  
r-glutamylethylamide, on neurotransmitter release and its relationship 
with glutamic acid neurotransmission. Nutr Neurosci. 2005;8(4): 
219–226. doi:10.1080/10284150500170799 PubMed

  9.	 Egashira N, Hayakawa K, Mishima K, et al. Neuroprotective effect of 
gamma-glutamylethylamide (theanine) on cerebral infarction in mice. 
Neurosci Lett. 2004;363(1):58–61. doi:10.1016/j.neulet.2004.03.046 PubMed

10.	 Egashira N, Ishigami N, Pu F, et al. Theanine prevents memory impair-
ment induced by repeated cerebral ischemia in rats. Phytother Res. 2008; 
22(1):65–68. doi:10.1002/ptr.2261 PubMed

11.	 Kakuda T, Yanase H, Utsunomiya K, et al. Protective effect of gamma-
glutamylethylamide (theanine) on ischemic delayed neuronal death in 
gerbils. Neurosci Lett. 2000;289(3):189–192. doi:10.1016/S0304-3940(00)01286-6 PubMed

12.	 Kakuda T, Nozawa A, Sugimoto A, et al. Inhibition by theanine  
of binding of [3H]AMPA, [3H]kainate, and [3H]MDL 105,519 to  
glutamate receptors. Biosci Biotechnol Biochem. 2002;66(12):2683–2686. doi:10.1271/bbb.66.2683 PubMed

13.	 Cho HS, Kim S, Lee SY, et al. Protective effect of the green tea compo-
nent, L-theanine on environmental toxins-induced neuronal cell death. 
Neurotoxicology. 2008;29(4):656–662. doi:10.1016/j.neuro.2008.03.004 PubMed

14.	 Lu K, Gray MA, Oliver C, et al. The acute effects of L-theanine  
in comparison with alprazolam on anticipatory anxiety in humans.  
Hum Psychopharmacol. 2004;19(7):457–465. doi:10.1002/hup.611 PubMed

15.	 Egashira N, Hayakawa K, Osajima M, et al. Involvement of GABA(A) 
receptors in the neuroprotective effect of theanine on focal cerebral  
ischemia in mice. J Pharmacol Sci. 2007;105(2):211–214. doi:10.1254/jphs.SCZ070901 PubMed

16.	 Kakuda T, Nozawa A, Unno T, et al. Inhibiting effects of theanine on caf-
feine stimulation evaluated by EEG in the rat. Biosci Biotechnol Biochem. 
2000;64(2):287–293. doi:10.1271/bbb.64.287 PubMed

17.	 Kimura R, Murata T. Effect of theanine on norepinephrine and serotonin 
levels in rat brain. Chem Pharm Bull (Tokyo). 1986;34(7):3053–3057. PubMed

18.	 Mason R. 200 mg of Zen; L-theanine boosts alpha waves, promotes  
alert relaxation. Altern Complement Ther. 2001;7(2):91–95. doi:10.1089/10762800151125092

19.	 Yokogoshi H, Kobayashi M, Mochizuki M, et al. Effect of theanine,  
r-glutamylethylamide, on brain monoamines and striatal dopamine  
release in conscious rats. Neurochem Res. 1998;23(5):667–673. doi:10.1023/A:1022490806093 PubMed

20.	 Yokogoshi H, Mochizuki M, Saitoh K. Theanine-induced reduction of 
brain serotonin concentration in rats. Biosci Biotechnol Biochem. 1998; 
62(4):816–817. doi:10.1271/bbb.62.816 PubMed

21.	 Yamada T, Terashima T, Kawano S, et al. Theanine, gamma-
glutamylethylamide, a unique amino acid in tea leaves, modulates 
neurotransmitter concentrations in the brain striatum interstitium  
in conscious rats. Amino Acids. 2009;36(1):21–27. doi:10.1007/s00726-007-0020-7 PubMed

22.	 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 (Tokyo). 1971;19(6):1257–1261. PubMed

23.	 Sadzuka Y, Sugiyama T, Suzuki T, et al. Enhancement of the activity of 
doxorubicin by inhibition of glutamate transporter. Toxicol Lett. 2001; 
123(2-3):159–167. doi:10.1016/S0378-4274(01)00391-5 PubMed

24.	 Yokozawa T, Dong E. Influence of green tea and its three major compo-
nents upon low-density lipoprotein oxidation. Exp Toxicol Pathol. 1997; 
49(5):329–335. PubMed

25.	 Rey MJ, Schulz P, Costa C, et al. Guidelines for the dosage of neurolep-
tics. I: chlorpromazine equivalents of orally administered neuroleptics. 
Int Clin Psychopharmacol. 1989;4(2):95–104. PubMed

26.	 Woods SW. Chlorpromazine equivalent doses for the newer atypical  
antipsychotics. J Clin Psychiatry. 2003;64(6):663–667. PubMed

27.	 Guy W. ECDEU Assessment Manual for Psychopharmacology, revised. 
Washington, DC: Department of Health, Education and Welfare; 1976.

28.	 Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome scale 
(PANSS) for schizophrenia. Schizophr Bull. 1987;13(2):261–276. PubMed

29.	 Addington D, Addington J, Maticka-Tyndale E, et al. Reliability and 
validity of a depression rating scale for schizophrenics. Schizophr Res. 
1992;6(3):201–208. doi:10.1016/0920-9964(92)90003-N PubMed

30.	 Robbins TW, James M, Owen AM, et al. Cambridge Neuropsychological 
Test Automated Battery (CANTAB): a factor analytic study of a large 
sample of normal elderly volunteers. Dementia. 1994;5(5):266–281. PubMed

31.	 Sahakian BJ, Owen AM. Computerized assessment in neuropsychiatry 



Ritsner et al

42 J Clin Psychiatry 72:1, January 2011

using CANTAB: discussion paper. J R Soc Med. 1992;85(7):399–402. PubMed
32.	 American Psychiatric Association. Diagnostic and Statistical Manual of 

Mental Disorders, Fourth Edition. Washington, DC: American Psychiatric 
Association; 1994.

33.	 Chouinard G, Margolese HC. Manual for the Extrapyramidal Symptom 
Rating Scale (ESRS). Schizophr Res. 2005;76(2-3):247–265. doi:10.1016/j.schres.2005.02.013 PubMed

34.	 Chouinard G, Ross-Chouinard A, Annable L, et al. Extrapyramidal 
Symptom Rating Scale [abstract]. Can J Neurol Sci. 1980;7:233.

35.	 Heinrichs DW, Hanlon TE, Carpenter WT Jr. The Quality of Life Scale: 
an instrument for rating the schizophrenic deficit syndrome. Schizophr 
Bull. 1984;10(3):388–398. PubMed

36.	 Ritsner M, Kurs R, Gibel A, et al. Validity of an abbreviated quality of life 
enjoyment and satisfaction questionnaire (Q-LES-Q-18) for schizophre-
nia, schizoaffective, and mood disorder patients. Qual Life Res. 2005; 
14(7):1693–1703. doi:10.1007/s11136-005-2816-9 PubMed

37.	 White L, Harvey PD, Opler L, et al. The PANSS Study Group. Empirical 
assessment of the factorial structure of clinical symptoms in schizophre-
nia. a multisite, multimodel evaluation of the factorial structure of the 
Positive and Negative Syndrome Scale. Psychopathology. 1997;30(5): 
263–274. doi:10.1159/000285058 PubMed

38.	 Fitzgerald PB, de Castella AR, Brewer K, et al. A confirmatory factor 
analytic evaluation of the pentagonal PANSS model. Schizophr Res. 2003; 
61(1):97–104. doi:10.1016/S0920-9964(02)00295-5 PubMed

39.	 Lindenmayer JP, Grochowski S, Hyman RB. Five factor model of schizo-
phrenia: replication across samples. Schizophr Res. 1995;14(3):229–234. doi:10.1016/0920-9964(94)00041-6 PubMed

40.	 Cohen J. Statistical Power Analysis for the Behavioral Sciences. Revised 
Edition. New York, NY: New York Academic Press; 1977.

41.	 Kent JM, Mathew SJ, Gorman JM. Molecular targets in the treatment  
of anxiety. Biol Psychiatry. 2002;52(10):1008–1030. doi:10.1016/S0006-3223(02)01672-4 PubMed

42.	 Kimura K, Ozeki M, Juneja LR, et al. L-Theanine reduces psychological 
and physiological stress responses. Biol Psychol. 2007;74(1):39–45. doi:10.1016/j.biopsycho.2006.06.006 PubMed

43.	 Millan MJ. The neurobiology and control of anxious states.  
Prog Neurobiol. 2003;70(2):83–244. doi:10.1016/S0301-0082(03)00087-X PubMed

44.	 Eschenauer G, Sweet BV. Pharmacology and therapeutic uses  
of theanine. Am J Health Syst Pharm. 2006;63(1):26–30. doi:10.2146/ajhp050148

45.	 Kobayashi K, Nagato Y, Aoi N, et al. Effects of L-theanine on the release 
of α-brain waves in human volunteers. Nippon Nogeikagaku Kaishi. 1998; 
72:153–157.

46.	 Okubo T, Ozeki M, Inden T, et al. Compositions for regulating desire for 

smoking. http://www.freepatentsonline.com/EP1319401A1.html. 2003.
47.	 Ozeki M, Yao H, Okubo T, et al. Compositions for promoting sleep.  

http://www.freepatentsonline.com/EP1277468A1.html. 2002.
48.	 Hintikka J, Tolmunen T, Honkalampi K, et al. Daily tea drinking  

is associated with a low level of depressive symptoms in the finnish  
general population. Eur J Epidemiol. 2005;20(4):359–363. doi:10.1007/s10654-005-0148-2 PubMed

49.	 Shimbo M, Nakamura K, Jing Shi H, et al. Green tea consumption in  
everyday life and mental health. Public Health Nutr. 2005;8(8):1300–1306. doi:10.1079/PHN2005752 PubMed

50.	 Juneja LR, Chu DC, Okubo T, et al. L-theanine—a unique amino acid 
of green tea and its relaxation effect in humans. Trends Food Sci Technol. 
1999;10(6-7):199–204. doi:10.1016/S0924-2244(99)00044-8

51.	 Kemmler G, Hummer M, Widschwendter C, et al. Dropout rates in  
placebo-controlled and active-control clinical trials of antipsychotic  
drugs: a meta-analysis. Arch Gen Psychiatry. 2005;62(12):1305–1312. doi:10.1001/archpsyc.62.12.1305 PubMed

52.	 Lachin JM. Statistical considerations in the intent-to-treat principle. 
Control Clin Trials. 2000;21(3):167–189. doi:10.1016/S0197-2456(00)00046-5 PubMed

53.	 Rabinowitz J, Davidov O. A composite approach that includes dropout 
rates when analyzing efficacy data in clinical trials of antipsychotic  
medications. Schizophr Bull. 2008;34(6):1145–1150. doi:10.1093/schbul/sbm107 PubMed

54.	 Nich C, Carroll KM. Intention-to-treat meets missing data: implications of 
alternate strategies for analyzing clinical trials data. Drug Alcohol Depend. 
2002;68(2):121–130. doi:10.1016/S0376-8716(02)00111-4 PubMed

55.	 Salim A, Mackinnon A, Christensen H, et al. Comparison of data analysis 
strategies for intent-to-treat analysis in pre-test-post-test designs with 
substantial dropout rates. Psychiatry Res. 2008;160(3):335–345. doi:10.1016/j.psychres.2007.08.005 PubMed

56.	 Leucht S, Engel RR, Bäuml J, et al. Is the superior efficacy of new  
generation antipsychotics an artifact of LOCF? Schizophr Bull. 2007; 
33(1):183–191. doi:10.1093/schbul/sbl025 PubMed

57.	 Nestoros JN, Ban TA, Lehmann HE. Transmethylation hypothesis of 
schizophrenia: methionine and nicotinic acid. Int Pharmacopsychiatry. 
1977;12(4):215–246. PubMed

58.	 Olney JW, Newcomer JW, Farber NB. NMDA receptor hypofunction 
model of schizophrenia. J Psychiatr Res. 1999;33(6):523–533. doi:10.1016/S0022-3956(99)00029-1 PubMed

59.	 Rădulescu A. A multi-etiology model of systemic degeneration  
in schizophrenia. J Theor Biol. 2009;259(2):269–279. doi:10.1016/j.jtbi.2009.03.024 PubMed

60.	 Mandel SA, Avramovich-Tirosh Y, Reznichenko L, et al. Multifunctional 
activities of green tea catechins in neuroprotection. modulation of cell sur-
vival genes, iron-dependent oxidative stress and PKC signaling pathway. 
Neurosignals. 2005;14(1–2):46–60. doi:10.1159/000085385 PubMed


	Table of Contents

