
Introduction

The world faces an emerging dementia epidemic. A group of
international experts estimated that the number of people who
are affected by dementia worldwide will double every 20 years
to 81.1 million by 2040 (1). Dementia prevalence increases
rapidly with increasing age, reaching 24.19% among
individuals aged 80 to 89 and 37.36% among individuals aged
90 and older (2).  This is critical given increasing life-
expectancy and fast aging rate of the world population. 
There is no curative treatment for dementia, and the

importance of prevention is being recognized in the past
decade. However,  many attempts have been failed (3, 4) and it
could be true that a single agent administered in late life is not
likely to be effective since multiple factors across the life
course influence brain function in old age (5). At the moment,
researchers are actively identifying modifiable protective and
risk factors that could be the targets of future multifaceted
prevention program. Tea is one of the promising candidates that
attracted interests only very recently.
In this article, following a brief introduction of the basics of

tea, the author critically reviewed findings from population-
based studies on tea and cognitive health in late life and
discussed possible neurobiological mechanisms underlying the
observed association. The directions of future research were
pointed out. 

Tea: the basics

Tea drinking originated from China around 4000-5000 years
ago, and was spread to the rest of the world. Today, tea is
frequently consumed by people from all countries. All varieties
and cultivars of the tea plant belong to a single species,
Camellia sinensis.  Depending on the degree of oxidation
(commonly known as fermentation) during the manufacturing
process, tea can be broadly categorized into three basic types:

black tea (fully fermented), oolong tea (semi-fermented), and
green tea (non-fermented). Black tea accounts for about 78% of
the total tea production worldwide followed by green tea and
oolong tea respectively (6).  
During the fermentation process, higher molecular weight

species such as theaflavins and thearubigins are formed as a
result of enzymatic oxidation by polyphenol oxidase of
catechins. Therefore, the content of tea polyphenols differs for
each tea due to different degrees of fermentation during
manufacture, as well as place of origin, plant cultivars and
many other factors. For total catechins and epigallocatechin 3-
gallate (EGCG, the most abundant catechin in tea), the levels
are in the order: green tea > oolong tea > black tea (7). Besides
tea itself, the way of making tea also has impact on the
physiological effects of tea consumption. For example, the
addition of milk to tea could affect the availability of tea
polyphenols because of their interaction with milk proteins
such as β-casein (8).  
Tea leaf also contains L-theanine (an amino acid uniquely

found in tea leaf), caffeine and other chemical components. All
those constituents could also contribute to various health
benefits (6, 9-12) that have been associated with tea drinking,
although it is generally believed that catechins, especially
EGCG, is the key compound.

Tea and cognitive health in late life: current evidence

The first population-based report on cognitive benefit of tea
drinking appeared in 2006. Up to today, empirical evidences
are still sparse and the preventive value of tea drinking on
cognitive decline and dementia is far from firmly established. 
Table1 summarizes findings from previous studies. Four

cross-sectional analysis have been conducted based on study
samples from Japan (13), Singapore (14, 15), China (16) and
Norway (17). The results were generally consistent. Tea
consumption was associated with decreased risk of cognitive
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impairment defined by scores on the Mini-Mental State
Examination (13, 14), a test that is widely used as a screening
tool for dementia and as a measure of global cognitive function
(18, 19) . Tea consumption was also associated with better
performance as measured by standard neuropsychological tests
(15, 17), the relationship is dose-dependent (15, 17) and
approximately linear (14, 15, 17).
Most (72%) of the study participants in the Japan study

consumed at least 2 cups green tea daily (13) while there were
only 10 (0.40%) pure green tea drinker and 6.28% subject who
consumed >= 1 cup green tea/day in the Singapore sample (14).
Different tea consumption habits of the study subjects could
explain the inconsistent findings on tea types from the two
studies. Although the Norway study didn’t collect information
on types of tea, since black tea comprised 96% of the total tea
imported in to Norway (17), we would expect that most of their
participants only consumed black tea.  In general, current
evidences suggest that both green tea and black/oolong tea have
beneficial cognitive effects, but no cause-effect conclusion
could be drawn given cross-sectional nature of those analyses. 
Only two studies examined the association between tea

consumption and cognitive decline or dementia prospectively.
As shown in Table 1, Ng et al reported that tea consumption
was associated with reduced risk of cognitive decline (14)
while mid-life tea consumption was not associated with the risk
of dementia or Alzheimer disease in the analysis by Eskelinen
et al (20). It should be pointed out that tea drinking was
relatively uncommon among participants of the latter study, and
this could have influenced the results significantly (note that
only 61 dementia cases and 48 Alzheimer disease cases were

identified in the follow-up assessment).
From another angle, tea drinking also could be viewed as a

leisure time activity:  people often drink tea with peers and chat
with each other, especially in Asian countries.  Since increased
leisure activity has been shown to be associated with lower risk
of cognitive decline and dementia (21-23), it is plausible to
speculate that tea drinking behavior itself could contribute to
the neuroprotective effects in addition to chemical compounds
that tea contains (15).  

Neurobiological mechanisms

The underlying mechanisms of the neuroprotective effect of
tea are complex. Possible mechanisms regarding tea catechins,
especially EGCG, may involve their antioxidant and iron
chelating activity and the modulation of signal transduction
pathways, cell survival/death genes, and mitochondrial function
(24). Cognitive impairment has diverse etiologies and findings
from recent animal studies suggest that tea polyphenols may
exert neuroprotective effect through different mechanisms.  Tea
polyphenols inhibit cognitive impairment induced by chronic
cerebral hypoperfusion via modulating oxidative stress (25).
They improve cognitive impairments caused by psychological
stress through the secretion of stress hormones, production of
catecholamines and regulation of cytokines in addition to their
antioxidant activities (26).  As for age-related spatial learning
and memory decline, main mechanism of the protective effect
could be the regulation of hippocampal cAMP-response
element binding protein (CREB) signaling cascade (27). 
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Table 1
Studies on the association between tea consumption and cognitive health in late life

Author, year Study design Study sample Main findings Level of 
evidence1

Kuriyama et al, 2006 (13) Cross-sectional 1003 Japanese aged Higher consumption of green tea but not black/oolong tea was associated with a 2c
70 and above lower prevalence of cognitive impairment defined as Mini-Mental State Examination 

test scores <26. 
Nurk et al, 2009 (17) Cross-sectional 2031 elderly persons  Compared with non-consumers, tea consumers had better performance on modified- 2c

aged 70-74 years old Mini-Mental State Examination, Trail Making Test-A, modified- Digit Symbol Test, 
and modified Block Design test.

Huang et al, 2009 (16) Cross-sectional 681 Chinese Cognitive impairment was associated with lower prevalence of tea consumption habit 2c
nonagenarians/ in men but not women.
centenarians

Feng et al, 2010 (15) Cross-sectional 716 Chinese aged 55  Total tea consumption was associated with better performances on global cognition, 2c
years and above memory, executive function, and information processing speed.  Both black/oolong 

tea and green tea were associated with better cognitive function.
Ng et al, 2008 (14) Cross-sectional 2501 Chinese aged 55 Total tea consumption was significantly associated with a lower risk of cognitive 2b

and longitudinal years and above. For impairment (defined as Mini-Mental State Examination score < or =23) and cognitive
longitudinal analysis, the decline (defined as drop in Mini-Mental State Examination score of > or = 1 point).
subjects were 1438 The effects were more evident for black and oolong tea.
cognitively intact 
participants followed 
up for 1-2 years.

Eskelinen et al, 2009 (20) Longitudinal 1409 elderly persons Mid-life tea drinking was not associated with the risk of dementia and Alzheimer 2b
aged 65 to 79 who were disease in late life.
reassessed after an 
average follow-up of 
21 years

1. Based on the Oxford Centre for Evidence-based Medicine levels of evidence rating scheme (http://www.cebm.net/index.aspx?o=1025)



Tea may also have neuroprotective effects through the
modification of Alzheimer’s pathology. In-vitro and in-vivo
studies have shown that EGCG reduce β-amyloid generation by
promoting α-secretase cleavage of amyloid precursor protein
(28, 29), and markedly reduce sarkosyl-soluble phosphorylated
tau isoforms (29). EGCG also efficiently inhibits the
fibrillogenesis of amyloid-beta by directly binding to the
natively unfolded polypeptides and preventing their conversion
into toxic, on-pathway aggregation intermediates (30).
Furthermore, both black tea and green tea inhibit human
acetylcholinesterase activity (31) and display protective action
against �-amyloid–induced toxicity (32).
Although the ‘amyloid hypothesis’ of Alzheimer disease

(AD) has been dominating for decades, it is clear now that
amyloid � and tau are far more not enough to explain the entire
pathogenesis. Vascular hypothesis of AD has been advocated
by some researchers. The hypothesis assumes a causal relation
between vascular mechanisms and the development of AD and
proposes that neurodegeneration is a downstream event of
neuroglial energy crisis secondary to cerebral hypoperfusion
(33, 34).  In addition to AD, there are larger number of
individuals who are affected by vascular cognitive impairment
(VCI), which comprises a range of cognitive disorders related
to cerebral vessel disease (35). Interestingly, there is strong
evidence that support cerebrovascular protective effects of tea
drinking: in a meta-analysis that pooled data from 9 studies
involving 4,378 strokes among 194, 965 individuals, it was
shown that individuals consuming 3 cups of tea per day had a
21% lower risk of stroke than those consuming <1 cup per day
(12). Hence, it is highly possible that vascular benefits of tea
drinking could contribute to the observed neuroprotective
effects significantly.
In addition to tea polyphenols, L-theanine, a free amino acid

naturally found in tea, also possess neuroprotective effect (36-
38). Tea contains caffeine and caffeine can improve attention
(36, 39, 40). In population-based study, coffee consumption has
been related to reduced dementia risk (20) . Hence both L-
theanine and caffeine could contribute to the cognitive benefits
of tea consumption.
Because tea leaf contains various other phytochemicals, it is

possible that the cognitive protective effect of tea is not due to
a single compound, but rather the synergistic effect of several
or many of its chemical components. The combined effects of
those compounds could be more than just the sum of the effects
from each of the compounds. At the same time, antagonistic
effects of complex compounds cannot be ruled out.

Directions for future research

As reviewed, currently evidence on the value of tea as a
preventive measure of cognitive decline and dementia is still
sparse and inconclusive. There is no doubt that more research is
needed.
Longitudinal studies with large sample size, long follow-up

period, sensitive cognitive outcome measures, and accurate

identification of all dementia (Alzheimer disease, vascular
dementia, mixed dementia, and others) cases should be
conducted to establish a firm cause-effect relationship. In such
study, detailed information on lifelong tea intake (frequency ×
duration) and information on the changing of tea drinking habit
should be collected. Duration of tea consumption could be
different among individuals who report the same level of
current tea intake, and elderly persons with longer tea
consumption duration would have better cognitive outcomes
than those who have shorter duration.  With the collection of
detailed duration data, a clear dose-effect relationship could be
established. Furthermore, objective blood measure of certain
compounds such as catechins and L-theanine would help to
identify (confirm) the constituents that are responsible for the
observed beneficial effects of tea consumption on cognitive
function. 
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