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Abstract

Matcha is a finely ground powder made from shade-grown green tea leaves. It is primarily produced in Japan.
Drinking matcha tea results in higher intake of green tea bioactives than drinking other types of green tea. Studies
have found that matcha consumption may enhance cognitive function in situations with and without psychologi-
cal stress, in the short and long term, and in different age groups. The effects of matcha on cognitive function may
be due to stress reduction, improved sleep quality, an increased supply of vitamin K, altered intestinal microbiota
composition, decreased oxidative stress, enhanced cholinergic brain function, and increased cortical capillary
network angiogenesis. Matcha’s stress-reducing efficiency appears to be influenced by differences in the quanti-
ties and ratios of its components, which may affect cognitive function. Matcha must contain high levels of thean-
ine to have beneficial effects on stress and anxiety. Furthermore, the ratio of epigallocatechin gallate and caffeine
to theanine and arginine must be low. Since not all marketed matcha products worldwide meet these conditions,
quality control is important. Harnessing matcha’s beneficial properties may effectively support cognitive function
and prevent cognitive decline and dementia.
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1. Introduction transmitted through cultural exchanges between China and Japan
around the 12th century, primarily through Zen Buddhist monks

Matcha is a finely ground powder made from shade-grown green who traveled to China to obtain books and sutras from Chinese

tea leaves. According to the International Organization for Stand-
ardization (2022), matcha must be derived from the tender leaves,
buds, and shoots of the Camellia sinensis (L.) O. Kuntze var. sin-
ensis, which are grown in the shade. The leaves are steamed, dried,
and ground into a fine powder without being rolled.

Powdered tea originated in China during the Tang Dynasty
(618-907 CE), when tea leaves were ground into a fine powder
and formed into cakes. The practice of steeping the powder in hot
water is documented in “The Classic of Tea” by the Chinese tea
master Lu Yu (Lu, 1995). During the Song dynasty (960-1279
CE), various tools were used to prepare a beverage called mocha
(powdered tea) by whisking tea powder with hot water in a bowl.
Matcha was traditionally produced and consumed in Zen Buddhist
monasteries (Surak, 2012). These powdered tea practices were

scholars and encountered mocha in temples. While the practice of
mocha faded in China over the next few centuries, it continued
in Japan and became an integral part of Japanese Zen Buddhist
culture. Matcha was also highly valued by the upper classes during
the Muromachi period (1336-1573 CE), when it became fashion-
able to drink tea from expensive Chinese ceramics. However, tea
masters such as Sen no Rikyii emphasized modesty and simplicity.
This gave rise to the Japanese tea ceremony, a meditative and spir-
itual ritual emphasizing respect, harmony, and mindfulness (chado
or chanoyu).

The practice of growing tea plants in the shade by covering
them with straw, reeds, or bamboo fabrics originated in Japan in
the 15th century (Inoue et al., 2019). It was originally intended
to protect tea sprouts from frost damage. This practice resulted in
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the development of the bright green Japanese matcha tea with its
distinctive aroma and flavor. Shade cultivation inhibits photosyn-
thesis in tea leaves, enhancing the synthesis and accumulation of
biologically active compounds, including theanine, caffeine, chlo-
rophyll, and various catechins, such as epigallocatechin gallate
(EGCQG). Consequently, the tea leaves retain a higher umami con-
tent (Ishigaki, 1981). Limiting exposure to sunlight also increases
the amount of caffeine and total free amino acids (Ashihara, 2015;
Horie et al., 2017) as well as the concentration of chlorophyll in the
leaves. This results in a vibrant green color (Yoshida et al., 1959).
Most matcha is produced in Japan, where it is an essential part of
the traditional tea ceremony. It is also used to flavor and dye foods
such as mochi, matcha lattes, green tea ice cream, desserts, and
various confections.

Matcha tea contains 60—70% non-water-soluble ingredients,
including fat-soluble vitamins (D, E, and K), dietary fiber, chloro-
phyll, and protein. Water-soluble ingredients include polyphenols,
vitamins B1, B2, B3, and B12, fiber, amino acids (especially L-
theanine), saponin, and minerals (Maeda-Yamamoto et al., 2013).
Matcha tea leaves are protected from sunlight before harvesting,
resulting in lower catechin content than green tea types prepared
from leaves grown in sunlight (Goto et al., 1996; Ikegaya et al.,
1984). However, catechin concentrations are three times higher
when matcha is dissolved in water compared to loose-leaf green
tea (Fujioka et al., 2016). Matcha has a higher caffeine content
because the buds and young leaves of tea plants contain more caf-
feine than mature leaves (Ashihara and Suzuki, 2004). Matcha’s
high umami flavor comes from its high amino acid content, in-
cluding L-theanine, glutamic acid, succinic acid, gallic acid, and
theogallin (Kaneko et al., 2006; Ruan et al., 2010). Reducing light
intensity through shading increases the total nitrogen, free amino
acid (including theanine), and caffeine content of developing tea
shoots in the early stages of the shading cycle. Meanwhile, unshad-
ed leaves experience a decline in these quality-enhancing constitu-
ents. Sunlight breaks down theanine into glutamate and ethylamine
(Anan and Nakagawa, 1974; Ashihara, 2015). Theanine levels also
depend on the nitrogen absorbed by C. sinensis plant roots (Ruan
et al., 2010). Thus, insufficient shielding from sunlight and a low
nitrogen supply lead to the production of matcha that is low in
theanine and high in EGCG.

Numerous research studies have examined the effects of green
tea and its constituents, including catechins, L-theanine, and caf-
feine. Consuming green tea has been suggested to be associated
with various health benefits regarding cardiovascular disease, can-
cer, and liver disease (Clement, 2009; Filippini et al., 2020; Lange,
2022). Additionally, research has explored the effects of green tea
on mood, stress, and cognitive performance (Eindther and Mar-
tens, 2013; Lange et al., 2022a; Lange et al., 2022b; Sokary et al.,
2023; Wang et al., 2022).

Consuming green tea is thought to promote clarity of mind and
cognitive function. Matcha has long been consumed in Zen Bud-
dhist monasteries due to its positive effects on the mind, conscious-
ness, and mental well-being. The effects of green tea on cognitive
performance and mood are mainly attributed to the amino acid L-
theanine and the psychostimulant caffeine (Camfield et al., 2014).
Caffeine can improve energy, motivation, concentration, and per-
formance (Paulus et al., 2015). Combining caffeine and L-theanine
enhances concentration, vigilance, and performance in complex
cognitive tasks more than either compound alone (Eindther and
Martens, 2013; Dietz and Dekker, 2017). EGCG has been found to
increase calmness and reduce stress (Scholey et al., 2012).

Consuming matcha tea leads to a much higher intake of green
tea phytochemicals than drinking other types of green tea (Dietz

and Dekker, 2017). Although matcha and green tea are both pro-
duced from the same plant, Camellia sinensis, they have differ-
ent compositions due to their different cultivation, processing, and
preparation methods. The quantities of compounds contained in
green tea and matcha differ significantly. The ingestion of EGCG
after consuming matcha tea has been found to be three times high-
er than after consuming other high-quality green teas (Weiss and
Anderton, 2003). Matcha tea infusions provide significantly more
antioxidant compounds than green tea. The oxygen radical absorb-
ance capacity per gram of matcha tea powder is about ten times
higher than that of average green tea (Dietz and Dekker, 2017).
Previous studies have found that three compounds found in
matcha tea—L-theanine, EGCG, and caffeine—can affect cognitive
performance. In recent years, several randomized controlled studies
have examined the effects of matcha tea on cognitive function.

2. Randomized controlled trials investigating the effects of
matcha on human cognitive function

2.1. Study by Dietz et al. (2017)

The first human intervention study examined the impact of consum-
ing a realistic amount of matcha tea powder (4 g), equivalent to two
servings of matcha tea, on the cognitive performance of individuals
who consume moderate to habitual amounts of caffeine (Dietz et
al., 2017). The study employed a randomized, placebo-controlled,
repeated-measures, single-blind design to administer matcha tea and
a solid food product (snack bar) containing matcha. Matcha tea con-
tains approximately twice as much caffeine as L-theanine (Aucamp
et al., 2000). Unlike other intervention studies that investigated the
effects of tea on cognition and administered L-theanine and caffeine
at a ratio of 2:1 in favor of L-theanine, Dietz et al. (2017) used a
more realistic ratio of 2:1 in favor of caffeine.

A total of 23 healthy young participants (19 females and four
males, with an average age of 24.7 years and an age range of 20 to
35 years) participated in four testing sessions. During each session,
the participants consumed one of the following products: matcha
tea, a matcha bar (each containing 4 g of matcha powder), a pla-
cebo tea, or a placebo bar. Participants completed a set of cog-
nitive tests assessing attention, information processing, working
memory, and episodic memory at baseline and 60 minutes after
consuming each product. Cognitive performance was evaluated
using a computerized battery of cognitive tests based on the Cog-
nitive Drug Research methodology. This battery’s sensitivity to
acute cognitive improvements after the administration of various
substances has been established (Wesnes, 2002; Wesnes, 2003).
The battery’s cognitive tasks assessed immediate word recall,
simple reaction time, digit vigilance, choice reaction time, spatial
working memory, numeric working memory, delayed word recall,
delayed word recognition, and delayed picture recognition (Dietz
etal., 2017).

Overall, this study investigated the effects of consuming two
average portions of matcha, either as a beverage or incorporated
into a snack bar, on the cognitive performance of healthy young
individuals. The results showed that matcha had little effect on
most cognitive tasks compared to the placebo conditions. How-
ever, consuming matcha products showed statistically significant
improvements in tasks primarily assessing basic attention abilities
and psychomotor speed. The beverage performed better than the
snack bar, particularly in tasks assessing spatial working memory
speed and delayed picture recognition. Interactions with glucose or
other compounds present in the bar may have negatively affected
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the bioavailability of matcha. Thus, the role of the food matrix
(liquid versus solid) requires further investigation. Additionally, no
change in participants’ mood, as assessed by the Profile of Mood
States (POMS), was observed.

2.2. Study by Sakurai et al. (2020)

Another trial aimed to evaluate the effects of daily matcha tea
powder supplementation on cognitive function in community-
dwelling elderly individuals without a diagnosis of dementia or
mild cognitive impairment (Sakurai et al., 2020). The study was a
randomized, placebo-controlled, double-blind 12-week trial. Par-
ticipants received 1.5 g of matcha powder or a placebo black tea-
flavored powder twice daily for 12 weeks. Their cognitive function
was evaluated using the Montreal Cognitive Assessment (MoCA)
(Nasreddine et al., 2005) and the Mini-Mental State Examination
(MMSE) (Folstein et al., 1975). Memory function was evaluated
using the Wechsler Memory Scale-Delayed Recall (WMS-DR)
(Wechsler, 2010). Of the participants, 54 completed all cognitive
tests at the beginning and end of the trial (15 men and 39 women
with a mean age of 73.6 years and an age range of 60 to 84 years;
n = 28 in the active condition and n = 26 in the placebo condition).

There were no statistically significant changes in cognitive test
scores (MoCA and MMSE) between the beginning of the trial and
the 12-week follow-up, nor between the active and placebo groups.
There was also no significant change in memory test scores between
the active and placebo groups (Sakurai et al., 2020). However, a sex-
specific analysis revealed a statistically significant improvement
in the MoCA score in the active group of females compared to the
placebo group. Further analysis of the MoCA’s cognitive domains
found significant improvement in the language domain for female
participants in the active group compared to the placebo group. No
significant changes were observed in MMSE scores or memory
testing. In the male subgroup, no significant changes in the MoCA,
MMSE, or memory function scores were found between the active
and placebo groups (Sakurai et al., 2020).

The beneficial effects of matcha on cognition in female partici-
pants aligns with previous findings showing that healthy elderly
women had improved working memory after taking a large dose
of decaffeinated green tea extract (Liu et al., 2018). Additionally,
the lack of positive effects of matcha on men’s cognitive abilities
may be due to the significantly smaller number of male partici-
pants compared to females. This study used three cognitive tests:
two screening tests for dementia and a logical memory delayed re-
call test. Using tests that assess more complex cognitive functions
may have revealed additional effects of matcha tea on cognitive
functioning. In summary, the findings of this study suggest that
daily matcha powder supplementation may protect against cogni-
tive decline in community-dwelling elderly women.

2.3. Study by Baba et al. (2021c)

Psychological stress may affect cognitive function. A randomized,
placebo-controlled, parallel-group, double-blind study investi-
gated the effects of matcha intake on the attentional function of
young adults after mild acute stress (Baba et al., 2021c). The study
included 42 healthy men and women aged 25 to 34 years whose
stress levels were assumed to be work-related. Participants were
randomly assigned to the matcha or placebo group. Those in the
matcha group consumed 2 g of matcha daily for two weeks. Mild
psychological stress was induced using the Uchida-Kraepelin test,
which involves adding single-digit numbers for 30 minutes and

is thought to increase sympathetic nervous system activity (Li et
al., 2004). Then, memory, attention, facial expression recognition,
working memory, visual information processing, and motor func-
tion were assessed using the Cognitrax cognitive function test bat-
tery developed by CNS Vital Signs (Gualtieri and Johnson, 2006).
Subjective levels of fatigue were evaluated using a visual analog
scale before the Uchida-Kraepelin test and after the Cognitrax tests
(Baba et al., 2021c).

Compared to baseline, the visual analog scale responses ob-
tained after the Uchida-Kraepelin and Cognitrax tests indicated
increased fatigue and decreased concentration, thinking ability,
and energy levels, suggesting that taking these tests induced mild
stress. Matcha intake did not affect the participants’ fatigue, con-
centration, thinking ability, or energy levels. However, the matcha
group had significantly faster reaction times on the Stroop test
for attentional function than the placebo group. Additionally, the
matcha group demonstrated a statistically significant increase in
correct responses for positive emotions in the emotion percep-
tion test. This test evaluates social cognitive function by measur-
ing the ability to recognize facial expressions, which deteriorates
with fatigue (van der Helm et al., 2010). No significant differences
between groups were observed in the other tests. Taken together,
these results suggest that matcha mitigates the decline in atten-
tional function and has a beneficial effect on social cognition after
exposure to mild stress in young adults.

2.4. Study by Baba et al. (2021b)

Another study examined the effects of matcha on cognitive func-
tion in middle-aged and older adults exposed to mild, acute psy-
chological stress. Furthermore, the role of the caffeine in matcha in
improving cognitive function was investigated by comparing the
effects of matcha and caffeine (Baba et al., 2021b). Since previ-
ous studies showed that the effects of catechins (Baba et al., 2020)
and L-theanine (Baba et al., 2021a) on cognitive function differ
depending on intake duration, the effects of single and continu-
ous matcha administration for 12 weeks were examined. In a ran-
domized, placebo-controlled, parallel-group, double-blind study,
51 healthy Japanese men and women aged 50 to 69 years who
had self-reported a decline in cognitive function were randomly
assigned to one of three groups: matcha, caffeine, or placebo. Par-
ticipants ingested nine capsules daily, containing either matcha (2
g total), caffeine, or a placebo. The daily caffeine intake (66 mg)
was the same in the matcha and caffeine groups. The effects of
matcha, caffeine, and placebo were examined after the first cap-
sule (single dose) and after 12 weeks of continuous intake under
mild stress conditions. Mild acute stress was induced using the
Uchida—Kraepelin test (UKT) (Li et al., 2004), and tests from the
Cognitrax battery were used to examine cognitive function (Gual-
tieri and Johnson, 2006).

The main results of this study are as follows. Caffeine improved
attentional function after a single dose, which may explain the re-
duced reaction time after consuming matcha. The effect of caffeine
on accelerating reaction time and focus appears to be only acute.
However, matcha was found to improve work performance more
than caffeine. Additionally, continuous intake was more beneficial
for the matcha group under stress than for the caffeine group (Baba
et al., 2021b). In summary, ingesting matcha (which contains caf-
feine) improves attention and work performance under psycho-
logical stress compared to caffeine alone. Future studies should
analyze the effects of different caffeine and theanine dosages, the
ratio of theanine to caffeine, and the interaction between caffeine,
theanine, and catechins.
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2.5. Study by Uchida et al. (2024)

A cross-sectional observational study showed that the risk of cog-
nitive decline, as indicated by a score below 26 on the Japanese
version of the Mini Mental State Examination (MMSE-J), was
significantly lower among individuals who consumed at least
200 milliliters of green tea daily. These results suggested a posi-
tive correlation between regular green tea consumption and main-
tained cognitive function (Kuriyama et al., 2006). Thus, a recent
12-month, randomized, placebo-controlled, parallel-group, dou-
ble-blind clinical study examined the potential of matcha to delay
cognitive decline in community-dwelling older adults aged 60 to
85 years (Uchida et al., 2024). To examine the effects of matcha
consumption in the early stages of cognitive impairment, the study
included individuals with mild cognitive impairment and subjec-
tive cognitive decline (Molinuevo et al., 2017). Although mild sub-
jective cognitive decline is not classified as a disease, several stud-
ies have suggested an association between subjective cognitive
decline and an increased risk of developing cognitive impairment
(Mitchell et al., 2014; Pike et al., 2022). Ninety-nine participants
(64 with subjective cognitive decline and 35 with mild cognitive
impairment) were randomized into two groups: one receiving 2 g
of matcha daily and the other receiving a placebo.

Cognitive testing and other assessments were performed at the
beginning and end of the 12-month intervention period. The pri-
mary outcome measures were the Japanese version of the Montreal
Cognitive Assessment (MoCA-J) and the Alzheimer’s Disease Co-
operative Study-Activities of Daily Living (ADCS-ADL) scores.
Additional outcome measures included the Mini-Mental State
Examination-Japanese version (MMSE-J), the Repeatable Battery
for the Assessment of Neuropsychological Status-Japanese version
(RBANS), the Alzheimer’s Disease Assessment Scale-Cognitive
Subscale-Japanese version (ADAS-Jcog), and the CNS Vital Signs
computerized neurocognitive battery (Gualtieri and Johnson,
2006; Iverson et al., 2007). The CNS Vital Signs battery tests used
to assess cognitive functioning in this study included the Stroop
test, as well as tests of shift attention, continuous performance,
and perception of emotion. These tests used scores of social acuity,
reaction time, complex attention, cognitive flexibility, executive
function, and simple attention. Additionally, sleep quality was as-
sessed using the Japanese version of the Pittsburgh Sleep Quality
Index (PSQI) (Doi et al., 2000).

Compared to the placebo group, the matcha group showed no
statistically significant changes in MoCA-J and ADCS-MCI-ADL
scores. However, matcha consumption led to significant improve-
ments in certain cognitive functions, such as social acuity, as as-
sessed by the perception of facial emotions test. Additionally, PSQI
scores indicated an improvement in sleep quality from baseline to
12 months with matcha consumption (Uchida et al., 2024).

The absence of effects of matcha on the primary outcomes, the
Montreal Cognitive Assessment-Japanese version (MoCA-J) and
the Alzheimer’s Disease Cooperative Study-Activities of Daily
Living (ADCS-ADL), may be due to their insensitivity to slight
changes in cognitive function. These tools are commonly used for
clinical diagnoses of cognitive impairment and dementia rather
than for assessing early stages of cognitive decline. Studies have
shown that facial emotion recognition is affected in individuals
with subjective cognitive decline and mild cognitive impairment
(Pietschnig et al., 2016; Weiss et al., 2008). Furthermore, a cross-
sectional analysis of over 4,000 individuals revealed impaired rec-
ognition of facial emotions in the early stages of cognitive impair-
ment (Virtanen et al., 2017). The study by Uchida et al. (2024)
suggests that matcha consumption may enhance social cognition.

The decreasing trend in the PSQI score in the matcha group may
be due to theanine. Theanine intake (200 mg/day) for four weeks
has been shown to significantly decrease the PSQI score in healthy
adults (Hidese et al., 2019).

In conclusion, this study’s findings suggest that regular matcha
consumption may improve emotional perception and sleep quality
in elderly individuals with mild cognitive impairment, offering an
effective cognitive enhancement strategy. However, this needs to
be confirmed by future studies with larger sample sizes that em-
ploy more objective measures to examine sleep architecture.

Table 1 presents a summary of randomized controlled trials in-
vestigating the effects of matcha on human cognitive function.

3. Potential mechanisms involved in matcha’s effects on cogni-
tive functioning

3.1. Stress reduction

Both physical and psychological stress can affect the neuronal
functioning related to cognition in the hippocampus and other
brain regions (Kim and Kim, 2023). Perceived stress can have
long-term physiological and psychological consequences, and it
has recently been suggested to be independently associated with
prevalent and incident cognitive impairment (Kulshreshtha et al.,
2023). Furthermore, exposure to chronic stress appears to consid-
erably contribute to the development of cognitive dysfunction in
various mental disorders (Girotti et al., 2024).

The stress-reducing and anti-anxiolytic effects of green tea are
commonly attributed to L-theanine (Wang et al., 2022). The poten-
tial of matcha to reduce stress, as well as the effects of its quantity
and ratio on stress reduction, were examined in a mouse model
of psychosocial stress. The outcome variable was suppression of
hypertrophy of the adrenal glands, which play a critical role in
stress response (Unno et al., 2018). Adrenal hypertrophy has been
shown to be suppressed by antidepressant and anxiolytic medica-
tions (Unno et al., 2013).

To induce psychosocial stress, the mice were exposed to confron-
tational stress related to their territory for 24 hours after being reared
individually for six days. Their adrenal glands became significantly
enlarged, reaching peak size after 24 hours. The experimental dose
of matcha was chosen based on human consumption, with 2-3 g of
matcha for humans corresponding to 33—50 mg/kg for mice. The
stress-reducing effects of matcha were assessed by weighing the
adrenal glands. The effects of matcha and its components were ex-
amined in 15 groups of mice, for a total of 86 animals. The mice
consumed a powdered diet containing matcha or its components for
seven days (single rearing for six days and confrontational stress for
one day). The administered matcha samples varied in their molar
amounts of caffeine and EGCG (Unno et al., 2018).

Theanine and arginine are the most and second most abundant
amino acids in Japanese matcha, respectively. They were con-
firmed to have a significant stress-reducing effect. Meanwhile,
glutamate and glutamine, the third and fourth most abundant ami-
no acids, showed no effect (Unno et al., 2016). Suppressing adre-
nal hypertrophy required a theanine dosage of 0.32 mg/kg or more
(Unno et al., 2016). Theanine intake was found to suppress adrenal
hypertrophy in a dose-dependent manner, and a similar correlation
was observed for arginine. No relationship was seen between caf-
feine intake and adrenal hypertrophy.

The effect of theanine on adrenal gland weight was reversed
when the molar concentration of caffeine was twice as high and the
molar ratio of EGCG was equal. However, a 0.7 molar ratio of ar-
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ginine to theanine counteracted the antagonizing effects of caffeine
and EGCG, suggesting an essential role of arginine in suppress-
ing adrenal hypertrophy. The molar ratio of caffeine and EGCG to
theanine and arginine was 1.8 in samples that effectively reduced
stress and >3.6 in samples that were ineffective (Unno et al., 2018).
These findings suggest that the molar ratios of arginine, caffeine,
and EGCG influence the stress-reducing effects of theanine.

In conclusion, the dose-dependent suppression of adrenal hy-
pertrophy in mice after consuming matcha suggests a stress-re-
ducing effect. However, the molar ratio of arginine, caffeine, and
EGCG appears to influence the stress-reducing effects of theanine.
For an effective stress-reducing outcome, the molar ratio of caf-
feine and EGCG to theanine and arginine should be less than two.

Based on the results of the animal study, test-matcha, which
was expected to have a stress-reducing effect, and placebo-
matcha, which was not, were selected for a randomized, parallel-
group, single-blind trial (Unno et al., 2018). Thirty-nine healthy
students (23 men and 16 women with a mean age of 23 years)
were randomly assigned to the test-matcha group (n = 19) or the
placebo-matcha group (n = 20). The participants consumed test- or
placebo-matcha tea daily for 15 days, ingesting 3 g of matcha per
day. The caffeine content of the test and placebo matcha was not
different. The 7-day period of routine university life and the first
eight days of the students’ practice program outside the university
were analyzed. Salivary a-amylase activity was measured as an
indicator of stress and sympathetic nervous system activation in
response to physiological and psychosocial stress (van Stegeren
et al., 2006). Anxiety in response to stress was assessed using the
Japanese State-Trait Anxiety Inventory (STAI).

Before the practice phase outside the university, the STAI values
of the participants who consumed test-matcha were significantly
lower than those of the placebo-matcha group. By the eighth day
of practice, however, there was no significant difference between
the two groups. Although the baseline level of a-amylase activ-
ity before consuming matcha did not differ between participants
in the test- and placebo-matcha groups, the level at the university
was significantly lower in the test-matcha group. Throughout the
practice program, a-amylase activity was lower in the test-matcha
group. Subjective stress levels after practice were slightly lower in
the test group than in the placebo group. In summary, matcha tea
ingestion resulted in a statistically significant decrease in anxiety
levels and reduction in physiological stress compared to the pla-
cebo group (Unno et al., 2018).

The stress-reducing effect of matcha was also tested in cook-
ies containing either test-matcha (caffeine and EGCG to theanine
and arginine molar ratio of 1.79) or placebo-matcha (caffeine and
EGCQG to theanine and arginine molar ratio of 10.64). Healthy uni-
versity students consumed three pieces of cookie containing 4.5 g
of matcha daily for 15 days (Unno et al., 2019). Salivary a-amylase
activity decreased significantly in the test-matcha group compared
to the placebo group. Thus, the caffeine and EGCG to theanine
and arginine ratio appears to be an essential indicator for stress
suppression. In summary, matcha in confectionery products has a
stress-reducing effect. However, to have this effect, matcha must
contain less caffeine and EGCG than twice the molar amount of
theanine and arginine. The daily intake of matcha in confectionery
products with a low caffeine and EGCG-to-theanine and arginine
molar ratio may provide stress-reducing benefits to individuals
who do not drink green tea.

In conclusion, healthy individuals who consumed 3 g of matcha
tea daily showed significant reductions in anxiety and physiologi-
cal stress. Stress reduction was also observed with cookies formu-
lated with a specific ratio of matcha components (theanine, argi-
nine, caffeine, and EGCG).

3.2. Sleep quality

There appears to be a close relationship between sleep quality and
cognitive function (Xu et al., 2011; Sun et al., 2013; Yaffe et al.,
2014). In a longitudinal study of individuals aged 50 to 80, the risk
of developing mild cognitive impairment over an average observa-
tion period of 5.2 years was significantly higher for participants
with a PSQI score greater than 5 (indicating poor sleep quality)
than for those with a score of 5 or less (Brachem et al., 2020).
These findings suggest that improving sleep quality may positive-
ly impact cognitive function. Aging is commonly associated with
deteriorating sleep quality, and sleep disturbances and short sleep
duration are risk factors for dementia (Sabia et al., 2021). Sleep
deprivation can lead to inflammation and an increased amyloid-f3
burden in the brain (Shokri-Kojori et al., 2018; Irwin and Vitiello,
2019). Uchida et al. (2024) found that older adults with subjective
cognitive decline or mild cognitive impairment experienced statis-
tically significant improvements in social cognition and reduced
PSQI scores after consuming 2 g of matcha daily for 12 months.
Thus, matcha may benefit cognitive functioning in the elderly by
improving sleep quality.

Theanine in matcha has been shown to improve sleep quality
and cognitive function. However, caffeine is believed to negatively
impact sleep quality. A recent randomized, placebo-controlled, par-
allel-group, double-blind study investigated the effects of matcha
on various sleep parameters (Baba et al., 2024). Healthy men and
women aged 27 to 64 consumed 2.7 grams of matcha daily for four
weeks. No statistically significant differences were found between
the matcha and control groups regarding sleep latency, total sleep
time, wake time after sleep onset, or sleep efficiency, as assessed
by electroencephalography (EEG). However, a sleep questionnaire
completed immediately after waking revealed an increased satis-
faction with sleep time. Additionally, EEG measures indicated a
significant reduction in wake-up time following matcha consump-
tion. Furthermore, Beck Depression Inventory-II scores tended
to decrease (Baba et al., 2024). In summary, continuous matcha
consumption may improve subjective sleep quality and emotional
stability without significantly altering objectively measured sleep
parameters. This may contribute to stress reduction and improved
cognition (see section 3.1).

3.3. Vitamin K

Matcha powder contains several compounds, including EGCG,
caffeine, and theanine, that have been linked to cognitive func-
tion. These compounds can significantly improve cognitive perfor-
mance by modulating dopaminergic, cholinergic, and glutamater-
gic activities in the brain, either separately or synergistically (Dietz
and Dekker, 2017). Matcha tea contains higher concentrations of
fat-soluble nutrients, such as vitamins K and E, and lutein, than
regular green tea. These nutrients have been reported to positively
impact cognitive function (Nouchi et al., 2020; Presse et al., 2013).
Low lifetime intake of vitamin K has been found to lead to mild
cognitive impairment in aged rats (Carri¢ et al., 2011).

Several research findings suggest a relationship between vita-
min K levels and cognitive functioning, indicating that vitamin K
plays a role in brain function (Alisi et al., 2019). A deficiency in
vitamin K may be associated with the onset of cognitive impair-
ment (Ferland, 2012). Furthermore, vitamin K has procoagulant
efficacy. Vitamin K antagonists are therefore widely used as oral
anticoagulants, but they may negatively affect the volume of cer-
tain brain regions (Brangier et al., 2018) and cognitive functions,

6 Journal of Food Bioactives | www.isnff-jfb.com



Lange and Nakamura

Matcha and cognitive function

such as verbal fluency and memory (Ferland et al., 2016).

Sakurai et al. (2020) attempted to explore the link between di-
etary habits and cognitive function in their study (see section 2.2).
The researchers performed a multiple regression analysis to de-
termine the relationship between daily nutrient intake (excluding
the trial’s test drinks), as assessed using the Brief Self-adminis-
tered Diet History Questionnaire (Kobayashi et al., 2012), and the
MoCA score difference for female participants. Higher vitamin K
intake in the daily diet showed a statistically significant inverse
correlation with increased MoCA scores after matcha administra-
tion. This suggests that matcha’s positive effect on cognition may
be more pronounced in individuals with lower daily vitamin K
intake, as matcha consumption can supplement prevalent vitamin
K deficiencies. Therefore, an adequate daily intake of vitamin K
may be important for cognitive functioning, and the vitamin K in
matcha tea may help maintain adequate levels and improve cog-
nitive performance. Supplementing deficient vitamin K levels
could possibly ameliorate cognitive deficits. However, further ran-
domized trials with large samples and standardized methods for
cognitive evaluation, dietary intake of vitamin K, and serum levels
are needed to confirm the hypothesis that low vitamin K levels are
related to cognitive decline.

3.4. Gut microbiota

The human gastrointestinal tract is home to diverse microbial spe-
cies that can greatly impact brain function. Bidirectional commu-
nication along the gut-brain axis involves neural, metabolic, en-
docrine, and immune pathways and occurs between the intestines
and the central nervous system (Bagheri et al., 2026). Research
has reported a relationship between gut microbiota and cognitive
function or impairment in various mental disorders (Lange, Lange,
Nakamura, and Kanaya, 2020; Meyer et al., 2022). Emerging re-
search suggests that enhancing cognition may be possible through
human gut microbiota (Zhang et al., 2025). Matcha tea contains
more nutrients, such as catechins and insoluble dietary fiber, than
regular green tea and is believed to have positive effects on gut
microbiota (Kochman et al., 2020).

A recent study examined the impact of matcha tea on gut micro-
biota. Young adults were randomly assigned to one of two groups:
the matcha tea group (n = 16), which received 1.5 g of matcha
tea, and the placebo group (n = 17). Both groups were required
to drink the provided beverages for two weeks (Morishima et al.,
2023). Feces were collected from the participants before and after
the treatment period and analyzed using 16S rRNA metagenomic
sequencing to determine the composition of the fecal microbiota.
Beta diversity (or difference or dissimilarity) in microbial com-
munity composition was shown to be significantly altered two
weeks after continuous matcha tea consumption, but not in the
placebo group. The matcha tea group had 30 genera of bacteria
that changed significantly, while the placebo group only had three.
Bacterial genera whose abundance changed significantly before
and after matcha tea consumption included Fusobacterium and
Coprococcus (Morishima et al., 2023). Decreased abundance of
Fusobacterium and increased abundance of Coprococcus in the
gut microbiota of the matcha tea group are thought to confer poten-
tial health benefits to the host. A high proportion of Fusobacterium
has been found in the gut microbiota of patients with inflamma-
tory bowel disease and colorectal cancer (Lee et al., 2016; Repass,
2018), while a lower abundance of Coprococcus has been reported
in people with inflammatory bowel disease (Nishino et al., 2018).
EGCG appears to inhibit the growth of Fusobacterium (Liu et al.,
2020), while insoluble dietary fiber may increase Coprococcus

abundance in the intestinal microbiota (Chen et al., 2019).

In conclusion, consuming matcha tea for two weeks altered the
fecal microbiota. Further research is needed to determine whether
matcha affects bacterial genera related to cognitive functions.

3.5. Other mechanisms

Various other mechanisms have been suggested to explain the ef-
fects of matcha on cognitive functioning. Matcha’s antioxidant
function, conferred by EGCG, may play a role in cognitive func-
tioning since neurons are vulnerable to oxidative stress due to their
high content of unsaturated fatty acids. Therefore, matcha may
prevent cognitive impairment by suppressing oxidative stress and
protecting the integrity of the brain’s antioxidant systems (Kim et
al., 2020).

Studies have shown that matcha improves cognitive dysfunc-
tion induced by metabolic imbalance in mice fed a high-fat diet
(Kim et al., 2020). This study found that matcha protects against
insulin resistance and cognitive impairment caused by cerebral
inflammatory responses. Matcha improved short-term and long-
term memory and spatial cognitive function by regulating glucose
tolerance.

Matcha can also prevent cognitive impairment by improving
the function of the central cholinergic transmission system, which
is closely linked to cognitive function (Kim et al., 2020). In mice,
a high-fat diet was shown to increase the expression of acetyl-
cholinesterase, which catalyzes the breakdown of the neurotrans-
mitter acetylcholine. A high-fat diet also triggers the aggregation
of amyloid-B, inducing neuronal death in the brain (Kim et al.,
2020). However, matcha intake improved cholinergic function by
downregulating acetylcholinesterase and reducing amyloid-f ex-
pression, while also upregulating choline acetyltransferase in the
hippocampus and cerebral cortex (Kim et al., 2020).

The central nervous system requires an adequate capillary net-
work to maintain undisturbed brain function. Due to the age-relat-
ed reduction in cortical capillaries, the discovery of the angiogenic
potential and protective effects of matcha and its components, vita-
min K, and lutein, on capillary aging in the cerebral cortex of mice
could have clinical significance (Iwai et al., 2021).

4. Future directions

Epidemiological studies have shown that the high consumption
of certain foods in Japan may have health and longevity benefits
(Lange and Nakamura, 2024, 2025a, 2025b, 2026a, 2026b). In this
respect, green tea and matcha have attracted attention due to their
bioactive components, which may benefit human health, including
cognitive function.

4.1. Effects of matcha on cognitive decline and dementia

Aging is often associated with the deterioration of cognitive func-
tion, which appears to depend on lifestyle factors, including nutri-
tion (Lange et al., 2026). For example, several food bioactives,
including polyunsaturated fatty acids (Lange, 2020a, 2020b) and
natural antioxidants (Lange, 2018; Lange and Li, 2018; Lange,
Lange, Nakamura, and Li, 2020), have been suggested to reduce
the risk of cognitive decline and dementia. Considering the posi-
tive impact of matcha on cholinergic function in the brain (see sec-
tion 3.5), one might wonder if matcha consumption can prevent
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cognitive decline and dementia. A systematic review of observa-
tional studies found that green tea consumption may reduce the
risk of mild cognitive impairment, cognitive impairment, demen-
tia, and Alzheimer’s disease (Kakutani et al., 2019). Other findings
also suggest a beneficial role of matcha in preventing neurodegen-
eration and dementing disorders.

EGCG may serve as a neuroprotective agent due to its ability to
influence the inflammatory processes associated with neurodegen-
eration (Valverde-Salazar et al., 2023). EGCG can also inhibit the
co-aggregation of amyloid proteins, such as amyloid-f§ and human
islet amyloid polypeptide. These proteins are associated with the
development of Alzheimer’s disease (Li et al., 2024). EGCG and
other catechins found in green tea may prevent age-related cogni-
tive decline by increasing the expression of genes involved in syn-
aptic plasticity in the hippocampus (Unno et al., 2020). Addition-
ally, systemic inflammation induced by lipopolysaccharides plays
a significant role in neurodegeneration. EGCG inhibits the produc-
tion of reactive oxygen species induced by lipopolysaccharides,
suggesting its neuroprotective efficacy in inflammation-mediated
neurodegenerative diseases (Liu et al., 2016).

Caffeine may also have neuroprotective effects against demen-
tia (Merighi et al., 2023). It may decrease the risk of cognitive de-
cline (Ritchie et al., 2007) and slow the aging process in the brain
by reversing oxidative processes and reducing neuroinflammation
(Ullah et al., 2015). The beneficial effects of caffeine in prevent-
ing neurodegeneration are also related to a reduction in amyloid-f
deposition (Arendash et al., 2009). In a prospective cohort study of
over 130,000 people with up to 43 years of follow-up, higher con-
sumption of caffeinated coffee was associated with more favorable
cognitive outcomes and a statistically significant association with
a lower risk of dementia, while intake of decaffeinated coffee was
not found to be significantly associated with dementia risk (Zhang
etal., 2026).

Among 8,766 community-dwelling Japanese individuals, no
statistically significant correlations were observed between green
tea intake and hippocampal or total brain volume (Shibata et al.,
2025). However, green tea consumption was inversely correlated
with cerebral white matter lesions, suggesting a potential role of
matcha in preventing dementia (Shibata et al., 2025). Further re-
search is needed to confirm and expand upon the current findings
regarding the role of matcha in preventing cognitive decline and
dementia.

4.2. Quality of matcha marketed in Japan and other countries

The number of people consuming green tea and matcha for health
benefits is increasing worldwide. The theanine content of matcha
varies depending on the quality of the green tea used to make it.
Matcha is rich in theanine and low in catechin. However, not all
marketed matcha products satisfy these conditions. Low-grade
green teas with low amino acid content have also been reported
to be sold as “matcha” (Horie et al., 2018). A recent study exam-
ined the components of matcha sold in Japan and other countries.
When humans ingest 3 g of matcha daily, matcha containing levels
of theanine exceeding 17 mg/g may reduce stress. Fifty out of 76
Japanese samples met this condition. However, of the 67 samples
sold in other countries, only six met this criterion (Unno et al.,
2018). Additionally, for matcha to have stress-reducing efficacy,
the molar ratio of caffeine and EGCG to theanine and arginine
must be less than two. Thirty-two of the 76 Japanese samples and
one of the 67 non-Japanese samples met this condition (Unno et
al., 2018). This study assessed the stress-reducing effect of matcha
(at a dose of 3 g daily) sold in Japan and other countries. It was

expected that about 42% of the matcha marketed in Japan would
suppress stress, as opposed to only one of the matcha products sold
abroad because the amounts of theanine and arginine were low
while the amounts of caffeine and EGCG were high. Thus, not all
marketed matcha satisfied the condition of high theanine and low
catechin levels. Therefore, greater attention is needed when evalu-
ating the cognitive and mental effects of matcha. The low amino
acid content and the counteracting effect of caffeine and EGCG on
theanine are rarely considered. This may lead to confusing find-
ings. For example, a Profile of Mood States (POMS) assessment
revealed no significant change in mood after consuming 4 g of
matcha tea (Dietz et al., 2017). However, the molar ratio of caf-
feine and EGCG to theanine was greater than two. The POMS re-
sults may have differed if a matcha sample with lower caffeine and
EGCG content had been used. In conclusion, quality checks are
critical when using matcha samples to study cognitive function.

4.3. Side effects of matcha

Consuming matcha can have unwanted side effects since it in-
volves ingesting relatively large amounts of oxalate due to its
cultivation in the shade (Morita and Tuji, 2002). Oxalate binds to
calcium ions to form calcium oxalate, which may cause kidney
stones. Therefore, it may be necessary to evaluate the maximum
daily intake of matcha tea for individuals who are sensitive to uri-
nary stone formation. Additionally, oxalate can remove calcium
from the body, which could lead to osteoporosis and heart disor-
ders. Further research in this respect is required.

5. Conclusion

Because of how matcha is farmed and harvested, drinking matcha
tea results in a much higher intake of green tea bioactive com-
pounds than drinking other types of green tea. Studies in humans
have shown that matcha consumption may enhance cognitive
function in situations with and without psychological stress, in the
short and long term, and in different age groups.

The mechanisms involved in matcha’s effects on cognitive func-
tioning may include stress reduction, improved sleep quality, an
increased supply of vitamin K, altered intestinal microbiota com-
position, decreased oxidative stress, enhanced cholinergic brain
function, and increased cortical capillary network angiogenesis.

The quantities and ratios of matcha components appear to in-
fluence the efficiency of its stress-reducing activity, which may
affect cognitive function. Caffeine and EGCG counteract the
stress-reducing effect of theanine, while arginine enhances it. To
have beneficial effects on stress, anxiety, and mood, matcha must
contain high levels of theanine and arginine while having a low
ratio of EGCG and caffeine to theanine and arginine. Quality con-
trol in this respect is essential, as not all marketed matcha products
worldwide meet these conditions.

In summary, harnessing matcha’s stress-reducing properties and
other benefits may effectively support overall daily well-being and
cognitive functioning and possibly prevent cognitive decline and
dementia.
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