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Caffeine and theanine exert opposite effects on attention
under emotional arousal
Grace E. Giles, Caroline R. Mahoney, Tad T. Brunyé, Holly A. Taylor, and Robin B. Kanarek

Abstract: Tea is perceived as more relaxing than coffee, even though both contain caffeine. L-theanine in tea may account for
the difference. Consumed together, caffeine and theanine exert similar cognitive effects to that of caffeine alone, but exert
opposite effects on arousal, in that caffeine accentuates and theanine mitigates physiological and felt stress responses. We
evaluated whether caffeine and theanine influenced cognition under emotional arousal. Using a double-blind, repeated-
measures design, 36 participants received 4 treatments (200 mg caffeine + 0 mg theanine, 0 mg caffeine + 200 mg theanine,
200 mg caffeine + 200 mg theanine, 0 mg caffeine + 0 mg theanine) on separate days. Emotional arousal was induced by highly
arousing negative film clips and pictures. Mood, salivary cortisol, and visual attention were evaluated. Caffeine accentuated
global processing of visual attention on the hierarchical shape task (p < 0.05), theanine accentuated local processing (p < 0.05),
and the combination did not differ from placebo. Caffeine reduced flanker conflict difference scores on the Attention Network
Test (p < 0.05), theanine increased difference scores (p < 0.05), and the combination did not differ from placebo. Thus, under
emotional arousal, caffeine and theanine exert opposite effects on certain attentional processes, but when consumed together,
they counteract the effects of each other.
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Résumé : Le thé est perçu comme étant plus relaxant que le café, même si tous deux contiennent de la caféine. La L-théanine du
thé pourrait être à l’origine de la différence entre les deux. Consommées ensemble, la caféine et la théanine exercent des effets
similaires sur les facultés cognitives que la caféine seule, mais elles exercent des effets contraires sur l’éveil : effets
d’accentuation de la caféine et effets mitigés de la théanine sur le plan des réactions au stress de natures physiologique et
des sensations. Nous avons tenté de vérifier l’hypothèse selon laquelle la caféine et la théanine pourraient influencer les facultés
cognitives en situation d’excitation émotionnelle. À l’aide d’un modèle à double insu avec mesures répétées sur des jours
distincts, nous avons administré les traitements suivants chez 36 participants : caféine à 200 mg + théanine à 0 mg, caféine à
0 mg + théanine à 200 mg, caféine à 200 mg + théanine à 200 mg et caféine à 0 mg + théanine à 0 mg. Nous avons provoqué une
excitation émotionnelle à l’aide d’images et de séquences filmées négatives. Nous avons évalué l’humeur, les taux de cortisol
dans la salive et l’attention visuelle. La caféine entraînait une accentuation du traitement global par l’attention visuelle aux
tâches de catégorisation de formes (« hierarchical shape task »; p < 0,05), la théanine entraînait une accentuation du traitement
local (p < 0,05), et l’association des deux donnait les mêmes résultats que le placebo. La caféine entraînait une réduction des
scores de différence des conflits en présence d’un coacteur au test des réseaux attentionnels (« Attention Network Test »; p < 0,05),
la théanine entraînait une augmentation des scores de différence (p < 0,05), et l’association des deux donnait les mêmes résultats
que le placebo. Par conséquent, sous excitation émotionnelle, la caféine et la théanine exercent des effets contraires sur certains
processus attentionnels, mais leurs effets se neutralisent quand elles sont consommées ensemble. [Traduit par la Rédaction]

Mots-clés : caféine, théanine, éveil, attention, cortisol, émotion, fonctions cognitives.

Introduction
Traditionally, tea is perceived as more relaxing than coffee,

even though both contain behaviorally significant amounts of
caffeine (Barone and Roberts 1996). For instance, black tea has
been shown to mitigate felt and physiological responses to stress
(Steptoe et al. 2007), whereas coffee exacerbates the stress re-
sponse (Lovallo et al. 2006). L-theanine, which is present in black,
green, and white tea but not coffee (Keenan et al. 2011), may ac-
count for such reported differences. Theanine diminishes the
stress response, reducing heart rate, blood pressure, cortisol, and
perceived stress and anxiety (Kimura et al. 2007; Steptoe et al.
2007; Unno et al. 2013; Yoto et al. 2012). Theanine also alters neural
indices of relaxation, such as augmenting � brain waves (Juneja
et al. 1999).

Caffeine is a central nervous system stimulant that increases
alertness, wakefulness, motivation, and motor activity (Nehlig
et al. 1992). Caffeine enhances physiological arousal, by activating
both the sympathetic nervous system by increasing heart rate and
blood pressure (Davidson and Smith 1991; Green and Suls 1996;
James and Gregg 2004) and the hypothalamic pituitary adrenal
axis by increasing cortisol (Lovallo et al. 1996, 2005). Caffeine ex-
erts physiological effects similar to those of acute stress (Gerra
et al. 2001; Kudielka et al. 2004) and may augment the physiolog-
ical stress response (Lovallo et al. 2006).

Caffeine and theanine, both alone and together, enhance cog-
nition. The effects of caffeine on cognitive function have been
studied extensively. This research has demonstrated that caffeine
reliably enhances vigilance and psychomotor performance (Smith
2011) and may enhance processes that require executive control,

Received 6 September 2016. Accepted 19 October 2016.

G.E. Giles, C.R. Mahoney, T.T. Brunyé, H.A. Taylor, and R.B. Kanarek. Department of Psychology, Tufts University, Medford, MA 02155, USA.
Corresponding author: Grace E. Giles (email: grace.giles@tufts.edu).
Copyright remains with the author(s) or their institution(s). Permission for reuse (free in most cases) can be obtained from RightsLink.

93

Can. J. Physiol. Pharmacol. 95: 93–100 (2017) dx.doi.org/10.1139/cjpp-2016-0498 Published at www.nrcresearchpress.com/cjpp on 15 November 2016.

C
an

. J
. P

hy
si

ol
. P

ha
rm

ac
ol

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

50
.2

34
.1

38
.2

26
 o

n 
09

/2
4/

18
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 

mailto:grace.giles@tufts.edu
http://www.nrcresearchpress.com/page/authors/services/reprints
http://dx.doi.org/10.1139/cjpp-2016-0498


including response inhibition (Barry et al. 2007), selective visual
attention (Brunyé et al. 2010a, 2010b), and working memory
(Addicott and Laurienti 2009). Caffeine and theanine, consumed
together, exert similar effects to that of caffeine alone, in that
35–50 mg caffeine and 90–100 mg theanine enhanced mental
alertness, task-switching attention, and recognition memory rel-
ative to placebo (Einöther et al. 2010; Giesbrecht et al. 2010; Kelly
et al. 2008; Owen et al. 2008). Opposite doses, i.e., 90–100 mg
caffeine and 36–46 mg theanine exerted similar effects (De Bruin
et al. 2011). Other work has evaluated the independent and com-
bined effects of caffeine and theanine. Caffeine (50–75 mg) and
theanine (50–100 mg), alone and together, reduced errors on sus-
tained and selective attention tasks, but only caffeine reduced
response times (Dodd et al. 2015; Foxe et al. 2012). Caffeine
(150 mg) and theanine (250 mg) together reduced response time
on tasks of sustained attention, working memory, and simple
response time, but only caffeine enhanced accuracy on a task of
sustained attention (Haskell et al. 2008). Most recently, caffeine
(160 mg) and theanine (200 mg) enhanced recognition visual re-
sponse time and certain event-related potential (ERP) compo-
nents, specifically N2-P300 amplitudes indicating enhanced
attentional processing. Notably, such effects appeared to be addi-
tive in that visual response time and N2-P300 amplitudes were
similar between caffeine with theanine together and the sum of
caffeine and theanine alone (Kahathuduwa et al. 2016). Thus,
some work suggests that the cognitive benefits of caffeine are
similar with and without theanine (Kelly et al. 2008; Owen et al.
2008), indicating that the cognitive effects of tea may be driven by
caffeine, whereas other work suggests that theanine has indepen-
dent or additive effects when consumed with caffeine (Haskell
et al. 2008; Kahathuduwa et al. 2016).

Research into the cognitive benefits of caffeine and theanine
has been completed under conditions of normal arousal; thus, it is
unclear how caffeine and theanine might influence cognitive
function under conditions of heightened emotional arousal. To
our knowledge, the present study was the first to evaluate the
influence of caffeine and theanine on mood and cognition under
heightened emotional arousal. Given that theanine has been
shown to reduce both physiological and felt stress responses
(Kimura and Murata 1986; Steptoe et al. 2007), it could also benefit
performance of cognitive control domains thought to be affected
by stress (Liston et al. 2009; Plessow et al. 2011, 2012a, 2012b) and
emotional arousal (Brunyé et al. 2009). Thus, the objective of the
current study was to examine the effects of caffeine and theanine,
administered alone and together, on measures of visual attention
during a heightened state of emotional arousal. The 2 measures
chosen to assess visual attention have been shown to be sensitive
to caffeine-induced physiological arousal (Brunyé et al. 2010a,
2010b; Mahoney et al. 2011). These measures include global versus
local processing (Kimchi and Palmer 1982) and higher- versus
lower-order visual attention (Fan et al. 2002). Based on the limited
work to date showing that caffeine accentuates the stress re-
sponse (Lovallo et al. 2006) while theanine mitigates it (Kimura
and Murata 1986; Steptoe et al. 2007), and work showing that
stress impairs certain aspects of cognitive control (Plessow et al.
2011, 2012a), we hypothesized that the physiological arousal asso-
ciated with caffeine consumption would increase the effects of
emotional arousal on visual attention and that the consumption
of theanine, because of its suggested calming properties (Juneja
et al. 1999), would decrease the effects of emotional arousal on
visual attention. When theanine is administered in combination
with caffeine, we expected theanine to mitigate any effects of
arousal associated with caffeine consumption.

Materials and methods

Participants
Thirty-six Tufts University students (12 male, 24 female; mean ±

SD age: 19.3 ± 1.7 years; mean ± SD BMI: 23.2 ± 4.2) participated.
Typical caffeine consumption ranged from 0 mg/day to 820 mg/day
(mean ± SD = 129.4 ± 143.9 mg/day). Typical tea consumption
ranged from 0 ounces/day to 42.3 ounces/day (mean ± SD = 7.2 ±
3.0 ounces/day). All participants reported being non-smokers, in
good health, not using prescription medication other than oral
contraceptives, and not using nicotine in any form. Written in-
formed consent was obtained, and all procedures were approved
by the Tufts University Institutional Review Board.

Design
A double-blind, repeated-measures design was used with caf-

feine and theanine treatment as the independent variables (0 mg
caffeine + 0 mg theanine, 0 mg caffeine + 200 mg theanine, 200 mg
caffeine + 0 mg theanine, and 200 mg caffeine + 200 mg theanine).
The dose of caffeine chosen was roughly equivalent to an 8-ounce
coffee purchased at a local coffee chain (Starbucks short coffee;
180 mg) and the dose of theanine was approximately that which
could be consumed with five 8-ounce cups of tea (Cooper et al.
2005). Similar doses of theanine have been shown to reduce per-
ceived stress (Kimura et al. 2007) and influence attention-related
electroencephalographic activity (Gomez-Ramirez et al. 2007,
2009; Kahathuduwa et al. 2016). Treatment order was counterbal-
anced across participants using a complete Latin square. Partici-
pants were tested during morning sessions following a 12 h fast,
which is thought to be a sufficient wash-out period to attenuate
the effects of earlier caffeine and theanine consumption, particu-
larly given that the mean plasma elimination half-life ranges from
3 to 10 h in caffeine (Blanchard and Sawers 1983; Nehlig et al. 1992;
Scott et al. 1989) and from 65 to 75 min in theanine (Scheid et al.
2012; van der Pijl et al. 2010). Participants were further instructed
not to use any over-the-counter medications or herbal supple-
ments for 24 h prior to testing.

Caffeine or placebo administration
To control for taste, treatments were administered in capsule

form. Each treatment dose was administered in a capsule of iden-
tical color, size, mass, and shape. Capsules contained 0 mg caf-
feine + 200 mg theanine, 200 mg caffeine + 0 mg theanine,
200 mg caffeine + 200 mg theanine, or 0 mg caffeine + 0 mg
theanine. Placebo capsules were filled with physiologically inert mi-
crocrystalline cellulose powder. The caffeine was 99.8% pure anhy-
drous United States Pharmacopoeia (USP)-grade powder. Theanine
capsules contained theanine (L) powder (99.1% pure) and physiologi-
cally inert microcrystalline cellulose powder. Capsules were pro-
vided by a registered pharmacist at Compounded Solutions (Monroe,
Connecticut, USA).

Salivary cortisol
Saliva was collected for analyses of salivary cortisol, a bio-

marker of physiological arousal (Kirschbaum and Hellhammer
1989). Samples were immediately aliquoted and stored at −20 °C or
colder until they were assayed. Samples were analyzed in dupli-
cate using the ELISA procedure by an independent laboratory
(Salimetrics LLC, State College, Pennsylvania, USA) with estimated
sensitivity of <0.007 �g/dL.

Questionnaires

Typical Consumption Questionnaire
The Typical Consumption Questionnaire asked participants to

report their consumption of caffeinated beverages, including fre-
quency and type of beverage (Lieberman et al. 2012). Total caffeine
consumption per day (mg/day) was calculated for each partici-
pant.

94 Can. J. Physiol. Pharmacol. Vol. 95, 2017

Published by NRC Research Press

C
an

. J
. P

hy
si

ol
. P

ha
rm

ac
ol

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

50
.2

34
.1

38
.2

26
 o

n 
09

/2
4/

18
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



Profile of Mood States (POMS) questionnaire
The POMS is an inventory of subjective mood and arousal states

(McNair et al. 1971). Participants were asked to rate a series of
65 mood-related adjectives on a five-point scale, using the re-
sponse set of “how are you feeling right now?” The adjectives
factor into 6 mood subscales (tension, depression, anger, vigor,
fatigue, and confusion), as well as composite score for total mood
disturbance (Lieberman et al. 1996). The POMS is sensitive to a
wide range of environmental factors: sleep loss, nutritional ma-
nipulations, and subclinical doses of various drugs (Banderet and
Lieberman 1989; Fine et al. 1994; Lieberman et al. 2002).

Cognitive tasks

Hierarchical shape task
The hierarchical shape task tests attentional biases for global

versus local perceptual analyses of objects. Participants viewed a
target array located on the upper portion of a computer screen
and 2 comparison arrays located below the target. One of the
comparisons matched the global configuration of the target and
the other matched the target’s local information. The task was to
indicate which of the 2 comparison arrays was more similar to the
target by pressing a corresponding key (Kimchi and Palmer 1982).
For example, a target figure could consist of either a square or a
triangle (global form) made up of smaller squares or triangles
(local form). Thus, it is possible to perceive a single figure from
either a global or a local perspective. The dependent measure is
the proportion of local versus global matches selected.

Attention Network Test (ANT)
The ANT simultaneously tests the individual performance of

the 3 networks in Posner’s (1990) attention model by combining a
cued reaction time (RT) (Posner 1980) and flanker test (Eriksen and
Eriksen 1974). The ANT involves viewing a sequence of visual cues
and arrows and responding to the direction of a central arrow (Fan
et al. 2002). A cue can alert an individual that a trial is about to be
presented only, or it can also orient the individual to a particular
region of space (above or below fixation). A central target arrow is
then presented within an array of congruent (same facing direc-
tion), incongruent (opposite facing direction), or neutral (no fac-
ing direction) flankers. Response time and accuracy are measured
when the participant responds to the direction (left or right) of the
central arrow. Three primary indicators of attentional function
are calculated from the ANT data: (1) the extent to which cues are
alerting the participant of an upcoming trial, relative to when no
cue is provided (i.e., alerting network function); (2) the extent to
which spatially determinate cues are orienting the participant
towards a particular region of the screen, relative to spatially
indeterminate cues (i.e., orienting network function); and (3) the
extent to which incongruent relative to congruent or neutral
flankers interfere with the determination of and response to a
central arrow’s facing direction (i.e., executive control network
function).

The ANT involves 3 blocks of 96 trials (total of 288 trials) pre-
sented in random order. Each block presents 2 trials for each of
the 4 cue conditions (none, center, double, spatial), 2 target loca-
tions (top, bottom), 2 target directions (left, right), and 3 flanker
conditions (neutral, congruent, incongruent). In each trial, the
participants identify and respond to the center arrow’s facing
direction (left or right).

Procedure
Participants completed 6 sessions: one screening session, one prac-

tice session to become familiarized with the experimental procedure
and tasks, and 4 test sessions corresponding to each treatment. Dur-
ing the screening session, participants were screened for exclusion
criteria and completed the informed consent and Typical Consump-
tion Questionnaire. During the practice session, participants first
completed baseline measures of the POMS and salivary cortisol. They
then watched a 1 h video of the popular television series Band of
Brothers. The video was of neutral content and intended to give the
participants the context of the characters and plot of the videos they
would be viewing during the test sessions (from the same television
series). Following the video, the participants completed a second
POMS and saliva sample. They then viewed the first series of pictures
from the International Affective Picture System (IAPS; Lang et al.
2005), which were neutral with regard to arousal and valence, fol-
lowed by the Hierarchical Shape Task. After the Hierarchical Shape
Task, the participants viewed a second series of neutral pictures,
followed by the ANT. One practice session was sufficient to avoid
learning effects during the test sessions, given that the ANT shows
little evidence of practice effects (Fan et al. 2002) and practice effects
on the Hierarchical Shape Task occur relatively quickly, stabilizing
within half an hour (Weissman et al. 2002). The participants then
provided a third POMS and saliva sample.

Test sessions were similar to the practice session. Following base-
line POMS and saliva sample, participants consumed their assigned
treatment capsule. Following a 25-minute break, participants
watched a 30-minute video clip from Band of Brothers, which was
characterized through pilot testing as high arousal, negative va-
lence1. Following the video, the procedure for the remainder of
each test session was identical to that of the practice session, with
the exception of the pictures’ content, which was characterized as
negative valence and high arousal, such as a crying boy, patient
illness and disease, and injury. Viewing such pictures was in-
tended to induce and maintain a psychologically aroused state
with a negative valence and was completed prior to each of the
cognitive tasks (see Fig. 1 for schematic of study design).

Statistical analyses
Analysis consisted of repeated-measures analysis of variance

(ANOVA) with treatment (Caffeine, Theanine, Caffeine+Theanine, Pla-
cebo) and time (Before intake, 60 min after intake, 120 min after
intake) as the within-participant variables. An effect was deemed
statistically significant if the likelihood of its occurrence by
chance was p < 0.05. In the case of a significant interaction, post
hoc analyses using the Bonferroni correction were used. All sta-
tistical analyses were performed using SPSS 12.0.

Results

Salivary cortisol
Analyses of salivary cortisol were limited to 32 participants, as

4 participants did not provide sufficient saliva to detect cortisol.
Analyses revealed main effects for treatment (F[3,99] = 2.973,
p < 0.05) and time (F[2,66] = 7.96, p < 0.01). Cortisol was significantly
higher following caffeine than theanine intake (Table 1) and
showed the typical decline throughout the morning (Kirschbaum
and Hellhammer 1989).

POMS
Analyses of the POMS revealed main effects of treatment for

“tension” (F[3,105] = 3.444, p < 0.05), “anger” (F[3,105] = 5.342, p < 0.01),

1Pilot testing on Band of Brothers video clips was performed with 25 participants in a repeated measures design, in which participants watched the neutral
video clip (i.e., the pilot episode) and negative video clips on separate days. They rated their mood according to the Profile of Mood States immediately
before and after viewing the video clips. Participants felt greater anger, vigor, fatigue, confusion, and total mood disturbance after viewing the negative
clips relative to the neutral clips (ps < 0.01), but not before viewing the clips.
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“confusion” (F[3,105] = 3.896, p < 0.05), and “total mood distur-
bance” (F[3,105] = 5.154, p < 0.01) (Table 2). Participants felt less tense
and angry following Caffeine and Caffeine+Theanine intake rela-
tive to Placebo, but not after Theanine intake. Relative to Placebo,
total mood disturbance was higher following Caffeine and
Caffeine+Theanine intake, but not following Theanine intake.

Main effects of time were found for “anger” (F[2,70] = 7.897,
p < 0.01), “confusion” (F2,70] = 3.533, p <0 .05), “vigor” (F[2,70] = 6.54,
p <0.01), and “total mood disturbance” (F[2,70] = 4.125, p < 0.05).
Across all treatments, participants felt more anger, confusion,
vigor, and total mood disturbance 60 and 120 min after intake
relative to before intake.

Treatment by time interactions were found for “depression”
(F[6,210] = 2.879, p < 0.05), “confusion” (F[6,210] = 2.815, p < 0.05),
“vigor” (F[6,210] = 2.16, p < 0.05), and “total mood disturbance”
(F[6,210] = 2.285, p < 0.05), which were characterized by increased
depression and vigor 60 and 120 min after Caffeine intake relative
to before intake (ps < 0.01) and increased confusion and total mood
disturbance 60 and 120 min after Caffeine and Caffeine+Theanine
intake relative to before intake (ps < 0.05). Rated depression, con-
fusion, vigor, and total mood disturbance did not change follow-
ing Theanine or Placebo intake (ps > 0.05).

No main effects or interactions were found for “fatigue” (ps > 0.19).

Hierarchical shape task
Analyses from the hierarchical shape task revealed a main ef-

fect of treatment, F[3,105] = 6.11 p < 0.01 (Fig. 2). Planned compari-
sons revealed a significantly greater global processing bias with
Caffeine relative to Placebo, t(35) = 2.28, p < 0.05, a significantly
greater local processing bias with Theanine relative to Placebo,
t(35) = −2.15, p < 0.05, and no significant differences in global
versus local processing between Caffeine+Theanine and Placebo.

Attention network task
Each of the 3 attention networks: alerting, orienting, and exec-

utive control were assessed independently by calculating differ-
ence scores for each network (Fan et al. 2002, 2005; Redick and
Engle 2006). The alerting difference score was calculated by sub-

tracting mean double-cue RTs from the no-cue RTs. The orienting
difference score was calculated by subtracting mean spatial cue
RTs from center-cue RTs. Finally, an executive control score was
calculated by subtracting mean congruent flanker RTs (across all
cue types) from incongruent flanker RTs. Note that for the alerting
and orienting systems, higher difference scores indicate more

Fig. 1. Schematic representation of the study schedule. During the study sessions, participants first completed baseline measures of the
Profile of Mood States (POMS) and provided 6 mL saliva samples to test for salivary cortisol. They consumed their assigned treatment capsule.
They then took a 30-minute break. They then watched a highly arousing and negatively valenced film. Participants then completed a second
POMS and saliva sample. They then watched a series of highly arousing and negatively valenced pictures from the International Affective
Picture System (IAPS), completed the hierarchical shape task watched a second series of IAPS, and completed the Attention Network Test
(ANT). Finally, they completed a third POMS and saliva sample.

Table 1. Effects of caffeine and theanine, alone and in combination,
on salivary cortisol (�g/dL).

Before
intake

60 min
after intake

120 min
after intake

Theanine 0.20 (0.03) 0.18 (0.03) 0.10 (0.01)
Caffeine 0.23 (0.04) 0.23 (0.04) 0.19 (0.03)
Caffeine+Theanine 0.21 (0.03) 0.21 (0.03) 0.17 (0.03)
Placebo 0.21 (0.03) 0.20 (0.03) 0.13 (0.02)

Note: Means (SD) are shown for each time point. Cortisol was higher under
caffeine than theanine intake (p < 0.05) and decreased throughout the morning
(p < 0.01).

Table 2. Effects of caffeine and theanine, alone and in combination,
on the Profile of Moods States.

Before
intake

60 min
after intake

120 min
after intake

Tension
Theanine 5.94 (0.52) 6.31 (0.62) 6.00 (0.57)
Caffeine 6.03 (0.63) 7.42 (0.74) 7.56 (0.71)
Caffeine+Theanine 6.25 (0.57) 7.47 (0.73) 7.31 (0.66)
Placebo 5.86 (0.56) 5.72 (0.55) 6.25 (0.50)

Depression
Theanine 10.58 (0.77) 10.33 (1.04) 11.78 (0.87)
Caffeine 10.53 (0.92) 12.58 (0.86)** 12.72 (0.94)**
Caffeine+Theanine 11.33 (0.91) 12.17 (0.85) 11.64 (0.86)
Placebo 11.28 (0.87) 10.25 (0.81) 11.64 (0.99)

Anger
Theanine 4.67 (0.81) 6.81 (1.16) 6.83 (1.25)
Caffeine 6.19 (1.07) 9.83 (1.44) 9.67 (1.65)
Caffeine+Theanine 6.36 (0.93) 9.58 (1.28) 8.06 (1.10)
Placebo 5.64 (0.76) 7.03 (0.79) 7.39 (1.17)

Vigor
Theanine 7.94 (0.64) 8.94 (0.70) 8.92 (0.77)
Caffeine 7.39 (0.58) 10.31 (0.72)** 9.28 (0.65)**
Caffeine+Theanine 8.50 (0.66) 9.31 (0.69) 9.06 (0.73)
Placebo 8.64 (0.65) 9.06 (0.65) 9.47 (0.74)

Fatigue
Theanine 3.94 (0.55) 5.00 (0.62) 5.06 (0.77)
Caffeine 4.81 (0.78) 5.81 (0.88) 5.06 (0.95)
Caffeine+Theanine 4.83 (0.71) 5.92 (0.78) 4.89 (0.69)
Placebo 4.61 (0.63) 4.47 (0.60) 5.17 (0.75)

Confusion
Theanine 3.78 (0.47) 4.67 (0.67) 4.78 (0.63)
Caffeine 4.39 (0.59) 6.25 (0.72)* 6.00 (0.75)*
Caffeine+Theanine 4.89 (0.53) 6.11 (0.66)* 5.03 (0.57)*
Placebo 4.81 (0.54) 4.61 (0.62) 4.44 (0.53)

Total mood disturbance
Theanine 20.97 (2.21) 24.17 (3.17) 25.53 (3.03)
Caffeine 24.56 (2.99) 31.58 (3.56)* 31.72 (3.97)*
Caffeine+Theanine 25.17 (2.58) 31.94 (3.17)* 27.86 (2.74)*
Placebo 23.56 (2.16) 23.03 (2.20) 25.42 (2.74)

Note: Means (SD) are shown for each mood subscale and time point. Caffeine,
with and without theanine, increased ratings of tension, depression, anger,
confusion, and total mood disturbance (ps < 0.05) and caffeine alone increased
ratings of vigor (p < 0.01).

*p < 0.05 and **p < 0.01 relative to before intake.
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efficient functioning, whereas for executive control, higher differ-
ence scores indicate poorer functioning.

Analyses of the executive function score revealed a main effect
of treatment (F[3,105] = 8.175, p < 0.01) (Fig. 3). Planned comparisons
confirmed higher conflict difference scores in the Placebo condi-
tion relative to the Caffeine condition, t(35) = −2.64, p < 0.05,
higher conflict difference scores in the Theanine condition rela-
tive to the Placebo condition, t(35) = 2.62, p < 0.05, and no signif-
icant differences in conflict scores between the Placebo condition
and the Caffeine+Theanine condition. No significant differences
were found for the alerting and orienting systems.

Discussion
The present study examined the effects of theanine and caf-

feine, administered alone and together, on measures of physio-
logical arousal, mood, and visual attention during a heightened
state of emotional arousal. Results showed that, when consumed
prior to exposure to highly arousing and emotional material,
caffeine and theanine differentially modulated the physiological
stress response, mood, and visual attention.

Subjective and physiological mood and arousal
Caffeine consumption, both with and without theanine, elevated

feelings of tension, depression, anger, confusion, and total mood
disturbance. In the absence of theanine, caffeine also enhanced feel-
ings of vigor and depression. Such findings are consistent with pre-
vious studies showing that caffeine reliably increases self-reported
arousal measures across a range of doses (e.g., 100–400 mg caffeine)
(Addicott and Laurienti 2009; Mahoney et al. 2011; Smith et al. 2006).
Thus, under heightened emotional arousal, the mood effects of caf-
feine and theanine appear to be driven by caffeine. Such results are
in line with previous research showing that tea containing caffeine
(40–90 mg) and theanine (36–97 mg) enhanced alertness and reduced
calmness relative to a placebo tea (De Bruin et al. 2011; Giesbrecht
et al. 2010). Similarly, studies that differentiated between the influ-
ence of caffeine (50–150 mg) and theanine (100–250 mg) found that,
when consumed together, caffeine and theanine enhanced alertness
and reduced fatigue (Haskell et al. 2008; Owen et al. 2008). However,
we found no evidence that theanine ameliorated the effects of caf-
feine on other mood dimensions, including tension, anger, and con-
fusion. Although some research suggests that 200 mg theanine
enhanced self-reported relaxation following a stressful situation
(Kimura et al. 2007), there is other research to suggest that the same

Fig. 2. Mean proportion global responses and standard errors for each of the 4 treatment conditions. *, p < 0.05 relative to placebo.

Fig. 3. Mean difference scores and standard errors for each of the 3 attention networks and 4 treatment conditions. Note that higher
difference scores in the alerting and orienting networks indicate greater performance, and lower difference scores in the executive control
network indicate greater performance. *, p < 0.05 relative to placebo.
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dose of theanine reduces anxiety during a relatively relaxed state,
but not an anxious state (Lu et al. 2004).

Cortisol levels were higher following caffeine than theanine
intake. Theanine has been shown to reduce stress-induced corti-
sol increases (Steptoe et al. 2007) and attenuate stress-induced
increases in the level of perceived stress, anxiety, and sympathetic
nervous system activation, as assessed by heart rate and salivary
immunoglobulin A (Kimura et al. 2007). Thus, converging evi-
dence suggests that, when consumed alone, theanine diminishes
physiological indices of emotional arousal.

Global versus local processing
The way we perceive our environment has implications for our

ability to attend to environmental cues. The present results sug-
gest that ingesting coffee, for example, could enhance attention
to the general location of key landmarks or regions (e.g., theater
district, Empire State Building), while ingesting tea could enhance
attention to particular landmarks (e.g., particular theaters, build-
ings adjacent to the Empire State Building). Caffeine accentuated
global processing on the hierarchical shape task, whereas thean-
ine accentuated local processing. The combination of caffeine
and theanine did not differ from placebo, suggesting that the
2 compounds negated each other’s effects. The results are consis-
tent with recent research suggesting that caffeine accentuates
global processing biases in visual perception including the same
hierarchical shape task employed in the present experiment
(Mahoney et al. 2011), language-based tasks (Brunyé et al. 2012),
and spatial memory tasks (Giles et al. 2013). Additionally, emo-
tional arousal, regardless of positive or negative valence, has been
shown to augment global spatial processing (Brunyé et al. 2009),
suggesting that increasing arousal via either caffeine intake or
emotion induction magnifies the global processing bias,
whereas reducing arousal via theanine intake results in en-
hanced attention to details. Subsequent studies should address
whether caffeine- and emotion-induced arousal act indepen-
dently or synergistically to modulate global visual processing. Re-
sults support the hypothesis that caffeine, consumed prior to an
emotionally arousing experience, accentuates a selective process-
ing bias towards global features. However, when theanine is con-
sumed with caffeine, theanine reduces this effect. Caffeine and
theanine’s influence on global and local spatial processing may
stem, in part, from their influence on resting state arousal.
Though tentative, arousal such as via aerobic exercise (Woo et al.
2009) and caffeine intake (Koppelstaetter et al. 2008; Lorist and
Snel 1997) may be associated with greater right than left hemi-
sphere activity, and there is evidence for a right-hemisphere ad-
vantage for global processing (Heinze and Münte 1993; Proverbio
et al. 1998; Yamaguchi et al. 2000).

Attention
Results from the ANT show that, across a range of habitual

caffeine consumption profiles, a dose of 200 mg caffeine or thea-
nine did not affect lower order visual attention (i.e., alerting or
orienting) following an emotionally arousing experience. How-
ever, these doses were sufficient to affect executive function. Caf-
feine consumption resulted in the expected improvement in
executive function (Brunyé et al. 2010a, 2010b). In contrast, thea-
nine prior to an emotionally arousing experience resulted in dec-
rements in executive function, potentially related to its anxiolytic
properties. Under non-stressful conditions, increasing relaxation
through meditation and mindfulness training has been shown to
enhance ANT performance (Jha et al. 2007; Tang et al. 2007). How-
ever, under stressful conditions, research has indicated that de-
creasing arousal leads to less efficiency in controlling behavior
and reduced ability to produce an appropriate response (Eysenck
and Calvo 1992; Eysenck et al. 2007).

Previous studies specifically addressing the influence of caf-
feine and theanine on attention and other cognitive processes

have elicited inconsistent results. For instance, tea containing
100 mg caffeine and 46 mg theanine improved intersensory atten-
tion and task switching in habitual caffeine consumers relative to
placebo (De Bruin et al. 2011). Opposite doses, i.e., 40–50 mg caf-
feine with 90–100 mg theanine, improved attention switching in
habitual caffeine consumers relative to placebo (Giesbrecht et al.
2010) and sustained attention across a range of habitual consump-
tion profiles (Foxe et al. 2012), but not without exception (Einöther
et al. 2010). Other studies suggest that caffeine is primarily respon-
sible for any beneficial influence on attention, as 50 mg caffeine,
with and without 100 mg theanine, improved sensitivity on an
attention task, whereas theanine alone had no effects (Kelly et al.
2008). Similarly, 50 mg caffeine and 100 mg theanine together
improved attention switching 60 min after intake, but only caf-
feine showed the effect 90 min after intake (Owen et al. 2008). It is
possible that while theanine may provide some benefit to regulat-
ing emotion, decreasing arousal in a stressful situation actually
leads to less efficiency in controlling behavior and a reduced abil-
ity to produce an appropriate response.

Limitations
Several limitations are worth noting. First, typical caffeine con-

sumption averaged 129 mg per day, whereas typical tea consump-
tion averaged just under 1 cup of tea per day. Thus, the caffeine
dose was within the range of daily consumption for many par-
ticipants, but the theanine dose likely exceeded typical daily
consumption. Although it is unknown whether theanine con-
sumption leads to habituation, habitual caffeine consumption
results in increased tolerance for its stimulating properties and
withdrawal effects upon cessation of intake (James and Rogers
2005). Relevant to the present study, in previous work, caffeine
enhanced executive function on the ANT and detection for global
errors on a language-based task beginning at 200 mg caffeine in
low habitual caffeine consumers and 400 mg caffeine in high
habitual caffeine consumers (Brunyé et al. 2010a, 2010b, 2012).
Additionally, a global processing bias was evident on the hierar-
chical shape task after 100 mg caffeine in low habitual caffeine
consumers (Mahoney et al. 2011). Thus, sufficient evidence sug-
gests that caffeine influences visual attention across a wide range
of habitual caffeine consumption profiles and caffeine doses.

Second, the study design did not include a neutral condition, in
which participants were not exposed to the emotionally arousing
stimuli. Without this condition, it is impossible to determine
whether caffeine and theanine influence arousal-induced changes
in mood and cognition, or whether the effects seen here would be
similar regardless of emotional arousal state. Previous results that
theanine enhances self-reported feelings of relaxation following a
stressful situation and diminishes stress-induced increases in per-
ceived stress, anxiety, and sympathetic nervous system activation
(Kimura et al. 2007; Steptoe et al. 2007) are hampered by the same
design weakness. Future research should compare the influence
of caffeine and theanine, alone and in combination, under stress-
ful or emotionally arousing conditions versus a neutral condition
to further examine the interaction between caffeine, theanine,
and arousal.

Third, the doses of caffeine and theanine were not representa-
tive of a typical cup of tea. A standard cup of black or green tea
contains 20–60 mg caffeine and 20–40 mg theanine (Cooper et al.
2005). Thus, the present doses equates to 3–10 cups of prepared
tea. Approximately 15%–55% of individuals in the United States
drink tea (Duffey and Popkin 2007; Ozen et al. 2012) with a mean
intake of 23–30 mg caffeine per day from tea (Frary et al. 2005;
Fulgoni et al. 2015). However, in other countries, such as the
United Kingdom, anecdotal evidence suggests that tea intake may
reach 6–9 cups per day (Khokhar and Magnusdottir 2002). Further,
the caffeine dose in the current study is representative of that of
the United States population, whose per capita caffeine consump-
tion averaged 211 mg caffeine per day among habitual caffeine
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consumers (Fulgoni et al. 2015). Thus, although the doses chosen
in the current study are higher than those in tea in the United
States, they are relevant to tea intake in other countries and caf-
feine intake in the United States.

Conclusions
Given the prevalence of coffee and tea consumption, it is criti-

cal to understand the effects of caffeine and theanine on the brain
and associated cognitive processes. Our results add to a growing
body of evidence showing that caffeine can have beneficial effects
on executive control of visual attention (Brunyé et al. 2010a, 2010b;
Giles et al. 2013; Mahoney et al. 2011), as well as add to a relatively
new area suggesting that theanine may have calming properties
following arousing conditions (Kimura et al. 2007; Steptoe et al.
2007). The present study is the first, to our knowledge, to show
that when exposed to heighted emotional stimuli, theanine and
caffeine alone exert differential effects on physiological response
and attentional processes, but when consumed together, they
counteract the effects of each other.

The present results provide evidence that physiological arousal
associated with caffeine consumption produces reliable and pro-
nounced increases in global biases in human perception and that
theanine, when consumed with caffeine, decreases this effect,
potentially related to its calming effects. Our findings also suggest
that a dose of 200 mg caffeine or theanine does not affect rela-
tively lower order visual attention, but does influence executive
control. Given the popularity of tea worldwide (Grigg 2002), these
results carry significant implications for the way in which people
attend to and process information.
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