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As a widely consumed beverage, tea boasts diverse health benefits. Herein, we aimed to investigate the association between tea
consumption and dementia risk. We conducted a prospective cohort study with 377 592 UK Biobank participants during a 9-year
follow-up. Cox regression models adjusted for age, sex, ethnicity, Townsend deprivation index, education, body mass index, lifestyle
factors, dietary factors and apolipoprotein E4 status were used to examine the association of tea consumption with dementia risk.
Subgroup analyses stratified by age, sex and forms of dementia (Alzheimer’s disease [AD] and vascular dementia [VD]) were
performed. Moreover, the restricted cubic splines were used to calculate the nonlinear relationship between daily dosage of tea
and dementia risk. After adjustment for all covariates, tea drinkers were 16% (95% confidence interval: 8–23) less likely to develop
dementia compared with non-drinkers. Moderate consumption (1–6 cups/day) of tea exerted significant protective effects.
Subgroup analyses showed that mid-aged participants or males benefited more from tea consumption. Moreover, moderate
drinkers had a 16–19% lower hazard of AD and a 25–29% lower hazard of VD. Furthermore, a U-shaped association between tea
consumption and dementia risk was shown (Pnon-linearity= 7E−04), and the consumption of around three cups per day showed the
strongest protective effect. Within 3 cups/day, drinking one extra cup of tea per day brought a 6% reduction of incidence. In
conclusion, moderate consumption of tea was significantly associated with a reduced risk of dementia, suggesting that tea
consumption could be a modifiable lifestyle factor for dementia.
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INTRODUCTION
Dementia is an important public health concern currently, with
around 55 million cases worldwide and an incidence of more than
10 million new cases per annum [1]. Dementia has become a
major cause of disability, dependency as well as mortality among
older people, and has posed substantial burden on patients, their
carers, families as well as the society [2, 3]. Dementia is composed
of Alzheimer’s disease (AD), which may contribute to 60–70% of
cases, vascular dementia (VD), which may contribute to 25% of
cases, and other forms of dementia [1, 4]. The development of
dementia is associated with genetic and environmental factors.
Among the environmental factors, diet is a potentially modifiable
lifestyle factor for preventing dementia [4–7].
Tea is a widely consumed beverage around the world and it

contains various kinds of biomolecules such as polyphenols. Tea
intake has been found to be associated with the prevention of
various diseases, such as stroke, cardiovascular diseases and
neurodegenerative diseases [8–10]. Recently, accumulating epi-
demiological studies and systemic reviews have suggested that
tea intake can suppress brain aging and ameliorate cognitive
dysfunction [11–14]. A population-based study has found that
green tea can mitigate the pathological changes of AD [15]. AD
mouse models showed that the main component of black tea
could inhibit the deposits of amyloid in the brain and reduce Aβ

pathology [16–18]. Mechanistic studies revealed that tea biomo-
lecules (e.g., epigallocatechin gallate [EGCG], the predominant
polyphenol in green tea) could invoke extensive cellular pathways
of antioxidants and activities of neurorescue, which might prevent
memory deficits [11, 12, 19]. Also, tea biomolecules were found to
have anti-inflammatory properties, thereby halting the progres-
sion of cognitive decline [20, 21]. Tea was reported to play a
neuroprotective role in the cognitive decline not only resulting
from aging, but also from ischemia-reperfusion [22]. Previous
studies suggested that tea had positive impacts (e.g., vasodilative
functions) on cerebral blood vessels [23]. It is worth noting that
coffee was found to mitigate the pathological progression of
dementia as well as slow cognitive decline in recent animal
studies, and tea shared some molecules with coffee [24, 25]. Taken
together, it is plausible to hypothesize that tea may reduce the
incidence of dementia.
The relationship between tea consumption and dementia has

not been well established yet. Although most studies in healthy
aging showed that tea was protective against dementia
[11, 14, 26, 27], some studies reported no significant association
[28]. The credibility of these findings is easily compromised by the
cross-sectional designs, insufficient follow-up periods, small
sample sizes or different reference groups. A recent cohort study
reported that tea consumption was associated with lower risks of
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dementia, VD, poststroke dementia and stroke [29]. Evidence from
human clinical trials suggested that moderate (1–6 cups/day)
rather than excessive consumption of tea could bring diverse
health benefits [8, 30]. Therefore, we performed a prospective
cohort study to examine (1) the relationship between daily dosage
and dementia risk; and (2) the effect modification by age, sex as
well as the effects of tea consumption on separate outcomes (e.g.,
AD and VD) using large-scale data from 377 592 older adults from
the UK Biobank (UKB).

METHODS
Study population
This is a large-scale prospective cohort study of participants enrolled in the
UKB, which recruited more than 500,000 participants aged 37–73 years
between 2006 and 2010. The participants attended 1 of 22 assessment
centers across the United Kingdom, and completed the touchscreen and
nurse-led questionnaires. Data on clinic, gene, and risk factor were
obtained at baseline. Since recruitment, the participants have been
followed for clinical outcomes including dementia via hospital inpatient
records, death certificates and primary care records. The UKB study
received approval from the National Health Service (NHS) NorthWestMul-
ticenter Research Ethics Committee. All participants provided written
informed consent according to the Declaration of Helsinki. In this study, we
excluded participants with prevalent dementia at baseline, and those with
missing data on tea consumption, leaving 417 085 participants included.

Tea consumption
Data on tea consumption, a self-reported item, were collected at baseline
as part of the UKB touchscreen questionnaire, where participants were
asked ‘How many cups of tea do you drink a day? (including black and
green tea)’ (UKB Data-field ID:1488), with open-ended responses to the
question. Participants were divided into six categories according to tea
consumption, including non-drinkers as well as drinkers consuming 1–2
cups/day, 3–4 cups/day, 5–6 cups/day, 7–8 cups/day, and ≥9 cups/day.

Dementia diagnoses
The diagnoses of all-cause dementia (ACD) were obtained using hospital
inpatient records from the Hospital Episode Statistics for England, the
Scottish Morbidity Record data for Scotland, and the Patient Episode
Database for Wales. Additional cases were detected through linkage to
death register data from NHS Digital. Diagnoses were recorded using the
International Classification of Diseases (ICD-9 and ICD-10) coding system.
Individuals with ACD were identified as having a diagnosis for AD (code
331.0 in ICD-9 and codes F00 and G30 in ICD-10), VD (codes 290.4 in ICD-9
and codes F01 and I67.3 in ICD-10), or other dementia classifications (codes
290, 291.2, 294.1, 331.0-331.2 and 331.5 in ICD-9; codes A81.0, F02, F03,
F05.1, F10.6, G31.0, G31.1, and G31.8in ICD-10). Moreover, dementia
diagnoses were retrieved from primary care data using read codes (version
2 [Read v2] and version 3 [CTV3 or Read v3]). Follow-up visits began on
date of attending assessment center, and participants were followed up to
the earliest incident dementia diagnosis, date of death, the last data
collection date by the general practitioner, or the last time of hospital
inpatient admission, whichever occurred first.

Statistical analysis
Before analyses, individuals aged < 45 years at baseline were excluded
since they had a low risk of incident dementia. Then we excluded
individuals who reported tea consumption of more than 15 cups a day
(4 standard deviations [SD] above the mean). Baseline sociodemographic,
lifestyle, and main dietary characteristics in participants stratified by
dementia status (incident dementia and no incident dementia) were
summarized.
Cox proportional hazard regression models were used to examine the

association of tea consumption with incident dementia, with non-
consumption as reference and the duration of follow-up as the timescale
(N= 377,592). Hazard ratios (HRs) with 95% confidence intervals (CIs) were
reported for all analyses. Two models were fitted in our analyses. Model 1
was adjusted for age at baseline (continuous), sex (female/male) and
ethnicity (white/non-white). In model 2, the following covariates were
additionally considered: Townsend deprivation index (TDI) (combining
information on social class, employment, car availability and housing;

continuous); education (higher [with college/university degree or other
professional qualification]/lower); body mass index (BMI) (continuous);
lifestyle factors including typical sleep duration (continuous), smoking
status (never/previous/current) and alcohol status (never/previous/cur-
rent); dietary factors including total consumption of vegetables (contin-
uous), fruit (continuous) and fish (continuous); apolipoprotein E4 (APOE4)
carrier status (carrier/non-carrier status as defined by genetic information).
To investigate whether age or sex modified the effects of tea consumption
on dementia, the subgroup analyses stratified by age (midlife [≤65 years
old] and late-life [>65 years old]) and sex were conducted, respectively.
Additionally, AD and VD were considered as separate outcomes and the
subgroup analyses stratified by the form of dementia (AD/VD) were
performed.
To explore the non-linear effects of tea consumption on incident

dementia, the restricted cubic splines with five knots were introduced in
the fully adjusted model using continuous measures of tea consumption.
Sensitivity analyses were performed after restricting participants to

those with a follow-up time of ≥4 years. In addition, given that underlying
dementia might change the dietary habits before diagnosis, we repeated
the analyses after excluding incident dementia cases occurring during the
first year of follow-up in order to limit the possibility of reverse causality.
We also performed sensitivity analyses after excluding individuals with a
history of stroke at baseline. P < 0.05 was considered to be statistically
significant. R version 4.0.5 [31] and SPSS 25.0 were used for statistical
analyses and figure preparation.

RESULTS
Participant characteristics
At baseline, a total of 377,592 participants from the primary care
dataset were included in this study (Fig. 1). Their mean age was
58.49 (SD 6.83) years; 204,980 participants (54.3%) were women.
Around 85.1% of the participants reported consuming tea. During
a median follow-up of 9.09 years (interquartile range [IQR]
7.08–10.64), 5122 incident dementia events were recorded.
Baseline characteristics of participants stratified by the occurrence
of dementia were shown in Table 1, and the missing data for
certain variables were recorded in Supplementary Table 1.
Demented cases were older, more likely to be APOE4 carriers,
more economically deprived, less educated, more likely to smoke,
and less likely to be addicted to alcohol. Demented cases also had
higher BMIs, longer sleep, and more frequent consumption of
vegetables, fruit as well as fish. More males than females were
diagnosed with dementia in the study population. However, there
was no significant difference in the consumption of tea between
demented cases and non-demented participants (the proportion
of non-drinkers 14.8% vs. 15.5%, P= 0.163). Participant character-
istics across six categories according to the daily consumption of
tea were shown in Supplementary Table 2. In addition,
characteristics of participants stratified by age or sex and
characteristics of participants stratified by the occurrence of AD
or VD were shown in Supplementary Tables 3, 4, and 5,
respectively.

Association between tea consumption and dementia
Results from Cox proportional hazard regression models were shown
in Supplementary Table 6 and Fig. 2. There was a significant
association between tea consumption and a decreased risk of
incident dementia after controlling for age, sex and ethnicity (model
1). Even in the further-adjusted model (model 2), the protective effect
remained significant. Generally, HRs for incident dementia were 0.819
(95% CI: 0.760–0.884) in model 1 and 0.841 (95% CI: 0.767–0.921) in
model 2 for those who reported consumption of tea compared with
the non-drinkers. As for different categories of tea consumption,
participants with moderate tea consumption (1–6 cups/day) had a
lower hazard of dementia compared with the non-drinkers, with the
specific results as follows: model 1, HR= 0.823 (95% CI:0.751–0.902)
for 1–2 cups/day, HR= 0.792 (95% CI: 0.727–0.862) for 3–4cups/day,
HR= 0.803 (95% CI: 0.732–0.880) for 5–6 cups/day; model 2, HR=
0.857 (95% CI: 0.767–0.959) for 1–2 cups/day, HR= 0.801 (95% CI:
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0.721–0.890) for 3–4 cups/day, HR= 0.859 (95% CI: 0.769–0.960) for
5–6 cups/day. However, no significant difference was found in
dementia risk between individuals who consumed more than 6 cups
of tea per day and non-drinkers, with the specific results as follows:
model 1, HR= 0.910 (95% CI: 0.802–1.032) for 7–8 cups/day, HR=
0.952 (95% CI: 0.817–1.108) for ≥9 cups/day; model 2, HR= 0.891
(95% CI: 0.766–1.037) for 7–8 cups/day, HR= 0.946 (95% CI:
0.788–1.136) for ≥9 cups/day.
Results of subgroup analyses stratified by age were shown in

Supplementary Table 7. In midlife, there were significant associa-
tions of tea consumption with a reduced risk of dementia in both
two models, and the dementia incidence was approximately
17–26% lower among individuals with tea consumption of 1–6
cups per day in the fully-adjusted model. However, this association
disappeared in the late-life after controlling for all covariates (see
Supplementary Fig. 1).
Results of subgroup analyses stratified by sex were shown in

Supplementary Table 8. Females who consumed 3–4 cups of tea a
day were less likely to develop dementia in both two models (HR=
0.800 [95% CI: 0.687–0.933] in the fully-adjusted model). More

pronounced associations were found in males, and the consump-
tion of 1–6 cups/day led to a 19 to 22% reduction in dementia
incidence in the fully-adjusted model (see Supplementary Fig. 2).
Results from the subgroup analyses stratified by the form of

dementia (AD/VD) were summarized in Supplementary Table 9. In
model 1, the consumption of 1–6 cups/day was associated with a
lower incidence of AD. In model 2, participants who consumed
1–4 cups of tea a day were 16 to 19% less likely to develop AD, but
the HR for 5–6 cups/day was not significant (Fig. 3). In terms of
incident VD, a similar picture to ACD was seen in both adjusted
models. Moderate consumption (1–6 cups/day) led to a 25 to 29%
reduction in VD incidence (Fig. 3).

Non-linear relationship between tea consumption and
dementia
In Fig. 4, we used restricted cubic splines to flexibly model and
visualize the association of tea-consumption with dementia. After
adjusting for all the covariates, the risk of incident dementia
substantially decreased until it reached bottom at around 3 cups/
day, and increased thereafter (P for non-linearity= 7E−04). Within

Fig. 1 Flowchart of participant selection. TDI Townsend deprivation index, BMI Body mass index, APOE4 apolipoprotein E4.
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3 cups/day, the HR for dementia was 0.943 (95% CI: 0.907–0.981)
per cup increase, indicating an approximately 6% reduced risk for
one extra cup a day.
A similar U-shaped relationship was observed in midlife, and the

risk of dementia reached bottom at around 3 cups of tea per day
(P for non-linearity= 8E−04, Supplementary Fig. 3A). We didn’t
observe any nonlinear relationship in the late-life (see Supple-
mentary Fig. 3B). The non-linear relationships were observed in
both females and males. The largest reduction of dementia
incidence was associated with intake of around 3 cups per day for
females (P for non-linearity= 0.006, Supplementary Fig. 4A) and
intakes of 3–6 cups per day for males (P for non-linearity= 0.022,
Supplementary Fig. 4B). Furthermore, the U-shaped associations of
tea-consumption with AD and VD were shown, and the largest
reductions in both incidences were associated with tea

consumption of 2 to 3 cups per day (AD: P for non-linearity=
0.046, Supplementary Fig. 5A; VD: P for non-linearity= 0.019,
Supplementary Fig. 5B).

Sensitivity analyses
When we restricted participants to those with a follow-up time of
≥4 years (n= 355 114), the HRs were similar to the main results in
both of the adjusted models (see Supplementary Table 10).
Sensitivity analyses after excluding dementia cases that occurred
within the first 1 year follow-up (n= 57) to control the reverse
causality showed that the HRs were of similar magnitude to the
main results (see Supplementary Table 11). Exclusion of partici-
pants who had a history of stroke at baseline (n= 11 643) also did
not change these associations significantly (see Supplementary
Table 12).

Table 1. Baseline characteristics of participants stratified by the occurrence of dementia.

Variables All participants
(n= 377,592)

No incident dementia
(n= 372,470)

Incident dementia
(n= 5122)

P-value

Age (mean ± SD), years 58.49 ± 6.83 58.41 ± 6.82 64.55 ± 4.39 <0.001b

Age group (years), n (%)

Midlife 311,107 (82.4) 308,598 (82.9) 2509 (49.0) –

Late-life 66,485 (17.6) 63,872 (17.1) 2613 (51.0) –

Female, n (%) 204,980 (54.3) 202,580 (54.3) 2400 (46.8) <0.001c

White, n (%) 358,908 (95.1) 354,036 (95.0) 4872 (95.1) 0.823c

Whether reported consuming tea, n (%) 0.163c

Non-consumption, n (%) 55,935 (14.8) 55,141 (14.8) 794 (15.5)

Consumption, n (%) 321,657 (85.1) 317,329 (85.1) 4328 (84.4)

APOE4 carrier status, where reporteda, n
(%)

<0.001c

Carrier 93,049 (28.5) 9075 (28.2) 1974 (45.2) –

Non-carrier 233,914 (71.5) 231,523 (71.8) 2391 (54.8) –

Townsend deprivation index (median,
IQR), where reporteda

−2.20 (−3.67, 0.43) −2.20 (−3.67, 0.42) 1.89 (−3.52, 1.31) <0.001d

Education, where reporteda, n (%) <0.001c

Without college degree 184,074 (62.0) 181,946 (62.0) 2128 (68.4) –

With college degree 112,722 (38.0) 111,741 (38.0) 981 (31.6) –

Body mass index (mean ± SD), kg/m2,
where reporteda

27.60 ± 4.81 27.60 ± 4.81 27.81 ± 4.95 0.002b

Typical sleep duration (mean ± SD),
hours, where reporteda

7.16 ± 1.13 7.16 ± 1.13 7.29 ± 1.38 <0.001b

Smoking status, where reporteda, n (%) <0.001c

Current 38,360 (10.2) 37,817 (10.2) 543 (10.7) –

Previous 137,212 (36.5) 135,018 (36.4) 2194 (43.2) –

Never 200,486 (53.3) 198,140 (53.4) 2346 (46.2) –

Alcohol status, where reporteda, n (%) <0.001c

Current 345,956 (91.7) 341,592 (91.8) 4364 (85.4) –

Previous 14,316 (3.8) 13,944 (3.7) 372 (7.3) –

Never 16,882 (4.5) 16,508 (4.4) 374 (7.3) –

Vegetable consumption (median, IQR),
times/ week, where reporteda

4 (3, 6) 4 (3, 6) 5 (3, 7) <0.001d

Fruit consumption (median, IQR), times/
week, where reporteda

3 (2, 4) 3 (2, 4) 3 (2, 5) <0.001d

Fish consumption (median, IQR), times/
week, where reporteda

2 (1, 3.5) 2 (1, 3.5) 2 (1.5, 4) <0.001d

aSome patients had missing data for these variables. The missing data were not reported here.
bComparisons between groups were performed via the t-test, cchi-square test, dMann-Whitney U-test.
SD Standardized deviation, IQR Interquartile range, APOE4 apolipoprotein E4.
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DISCUSSION
Leveraging data from 377 592 individuals from the UKB, this study
investigated the association between tea consumption and
dementia over the 9-year follow-up. Our results showed that
moderate drinkers (1–6 cups/day) were less likely to develop ACD,
AD, and VD after adjustment for covariates. Another major finding
was the U-shaped association of tea consumption with dementia
risk, and the optimal intake was around 3 cups per day. These
findings suggested tea to be a modifiable lifestyle factor for
dementia prevention.
Previous studies yielded inconsistent results. A study among

9375 Chinese older adults showed that participants who
consumed <2 cups/day, 2–4 cups/day, and ≥4 cups/day were
less likely to have cognitive impairment compared with non-
drinkers, which supported our findings; however, the design was
cross-sectional and the reference selection was different from our
analyses [14]. A longitudinal study among 1305 older adults also
found that tea consumption could reduce the risk of cognitive
decline compared with non-consumption over 5.3 years of follow-
up [32]. The Ohsaki Cohort Study among 13,645 Japanese found
that green tea consumption was associated with a lower risk of
incident dementia over 5.7 years of follow-up, which was
consistent with our major finding [26]. In addition, Zhang et al.
conducted a large-scale cohort study and found that tea
consumption was associated with lower risks of dementia as well
as VD [29]. However, with tea consumption at low frequency (≤1
times per week) as the reference, a longitudinal study found no
significant association of frequent tea consumption (≥3 times per
week) with AD [28]. The insignificant association probably resulted

from the small sample size (81 AD cases among 1836 individuals)
and excessive category combination. By the way, although
inconsistent results were shown regarding coffee intake, most of
the studies showed a reduction for the risk of dementia [33–35]. It
should be noted that tea and coffee shared some molecules (e.g.,
polyphenols and caffeine) which are considered to reduce
dementia risk. Compared with previous researches, this cohort
study used a larger sample of non-demented older adults.
Sufficient cases of ACD, AD and VD were observed during a long
follow-up time. Our study focused on the dosage-dependent
associations of tea consumption with ACD, AD and VD, obtaining
nonlinear relationships between daily dosage and dementia
incidences. Compared to Zhang et al.’s, our study considered
APOE4 status as a covariate in the full-adjusted model and focused
on AD in addition to VD. The age range of the total participants
(≥45 years old) was larger in this study, and the effect modification
by age or sex was observed in subgroup analyses. When
calculating the relationships between categories of tea consump-
tion and dementia risk, we used more specific category
combinations, and thus the dosage-dependent relationships were
more convinced and were in accordance with the results of non-
linear analyses. Besides, we performed a great deal of sensitivity
analyses to examine the stability of results.
Although the mechanisms underlying the associations between

tea consumption and dementia are unclear, some possibilities
may explain these findings. Firstly, oxidative stress was suggested
to be involved in the pathogenesis of both AD and VD [36]. Recent
vivo and vitro studies have focused on the antioxidant effects of
tea biomolecules [37, 38]. For example, EGCG could chelate the

Fig. 2 Association between tea consumption and the risk of incident dementia. In both adjusted models, tea consumption was associated
with a reduced risk of dementia (model 1: HR= 0.819 [95% CI:0.760-0.884]; model 2: HR= 0.841 [95% CI: 0.767–0.921]). Moderate consumption
(1–6 cups/day) of tea exerted significant protective effects. P values were computed by Cox proportional hazard regression. Model 1 was
adjusted for age, sex and ethnicity. Model 2 was adjusted for age, sex, ethnicity, TDI, education, BMI, typical sleep duration, smoking status,
alcohol status, total consumption of vegetables, total consumption of fruit, total consumption of fish and APOE4 status. HR Hazard ratios, CI
Confidence interval, TDI Townsend deprivation index, BMI Body mass index, APOE4, apolipoprotein E4.
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bivalent metal-ions and prevent oxidation resulting from reactive
hydroxyl radicals [39]. EGCG was also found to scavenge the free
radicals, and thus alleviating the neuronal apoptosis as well as
promoting the neuronal differentiation [37, 38, 40–42]. Methyl-
xanthines, a group of biomolecules derived from tea (especially
black tea), included theophylline (1,3-dimethylxanthine) and
caffeine. Caffeine was suggested to have significant antioxidant
effects [43, 44]. In human clinical trials, an increase in plasma
antioxidant capacity after moderate intakes of green or black tea
was observed [8, 30]. The antioxidative function might be a key
factor in the neuroprotective role of tea in brain diseases and
cognitive performance. Secondly, neuroinflammation has been
demonstrated to play an important role in the progression of
dementia [45]. Animal studies found that EGCG could decrease the
expression of pro-inflammatory cytokines (e.g., interleukin [IL]-1β
and tumor necrosis factor [TNF]-α), increase the expression of anti-
inflammatory cytokines (e.g., IL-10), inhibit astrocyte activation
and promote microglial activation. Methylxanthines were also
found to increase the production of cerebrospinal fluid (CSF) as
well as promote the clearance of neurotoxins, which might
attenuate neuroinflammation and thereby provide biological
plausibility for the prevention of dementia [20, 21]. Thirdly, l-
theanine, a specific amino acid extracted from tea leaves, was
suggested to be an intervention for cognitive improvement [46].
In a randomized controlled trial (RCT) study, electroencephalo-
grams showed that participants treated by l-theanine had higher
levels of theta waves, interpreted to be an indicator of cognitive
alertness, in the temporal, frontal, parietal, and occipital lobes after
3 h of reading compared with the placebo group [47]. Note-
worthily, since the beneficial compounds in tea are small, they

could cross the blood-brain barrier to reach the brain parenchyma
[48, 49].
Amyloid precursor protein (APP) could play an important role in

the deposition of Aβ, thus accelerating AD progression [50].
Noteworthily, tea polyphenols including epicatechin (EC) and
epigallocatechin (EGC) were found to suppress APP processing by
neutralizing excessively free iron via chelation reactions [51].
Besides, AD mouse models have showed reduced Aβ pathology in
brain after a long-term oral delivery of tea polyphenols [16–18].
Furthermore, previous studies in cognitively normal individuals
showed that the components of green tea could alleviate
abnormal tau metabolism and mitigate the detrimental effects
of tau pathology, suggesting green tea as a potential prophylactic
for AD [15].
The association of green or black tea with VD was partly due to

their protection against transient ischaemic attack (TIA) and
stroke, as suggested by population-based studies [23, 52, 53].
Besides, the protective effects of tea on VD might relate to its
positive impacts on cerebral blood vessels. For example, tea was
suggested to have vasodilative functions by enhancing the
releases of prostacyclin and NO, as well as reducing oxidative
stress [54]. Accumulating evidence has shown that tea consump-
tion could reduce blood pressure as well as serum lipid levels,
improving cerebral perfusion and reducing the risk of VD [55–58].
Moreover, caffeine in tea was revealed to protect against ischemic
neuronal injury by blocking the receptors of neurotransmitter
adenosine [59–61]. However, VD represents a heterogeneous
group of dementia with different pathophysiologies depending
on the source (e.g., small vessel disease versus large ischemia) and
also shares some pathologies with AD [62]. Therefore, advances in

Fig. 3 Associations of tea consumption with risks of AD and VD in the fully-adjusted model. After adjusting for all covariates, participants
who consumed 1–4 cups of tea a day were 16–19% less likely to develop AD compared with non-drinkers. Besides, the tea consumption of
1–6 cups/day brought a 25 to 29% reduction in VD incidence. P values were computed by Cox proportional hazard regressions. Covariates
included age, sex, ethnicity, TDI, education, BMI, typical sleep duration, smoking status, alcohol status, total consumption of vegetables, total
consumption of fruit, total consumption of fish and APOE4 status. HR Hazard ratios, CI Confidence interval, AD Alzheimer disease, VD Vascular
dementia, TDI Townsend deprivation index, BMI Body mass index, APOE4 apolipoprotein E4.
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the classification of dementia subtypes may help estimate the
associations more consistently in the future.
Additionally, our study revealed a non-linear association of tea

consumption with dementia and suggested daily consumption of
three cups to be strongest protective. Within three cups, the
benefits of tea consumption increased with daily dosage. Previous
studies on the dosage-dependent relationship between tea
consumption and dementia were scarce. A dose-response meta-
analysis found that one cup of tea per day led to a 6% reduction in
the risk of dementia or mild cognitive impairment (MCI), and two
cups led to an 11% decrease [11]. However, the data extracted for
this meta-analysis were not enough to calculate a nonlinear
relationship convincingly, because only three studies were
included, and two of them didn’t take the daily dosage of tea
into consideration. Importantly, as our results showed, increase in
consumption beyond 3 cups/day was not associated with
increased risk of harm, but the magnitude of the benefit was
reduced, and the estimates did not reach significance when daily
consumption was beyond 6 cups. One possible explanation was
that excessive caffeine in tea could disturb sleep and block the
anti-stress effects in humans [63, 64]. Also, a study on caffeinated
drinks showed that excessive intake of caffeine (>6 cups of drinks
per day) might cause competitive binding to adenosine receptors
and thus cause the morphological changes in brain [65]. More-
over, estimates from higher intakes included smaller numbers of
participants, and this could result in the imprecision observed for
dementia at these levels of tea consumption. Anyhow, our
analyses indicated that the best intervention effect might be
achieved at around three cups of tea per day in a future RCT study,
and this intervention would not result in significant harm to
participants.

More pronounced associations were observed in midlife in this
study. The associations in the late-life were attenuated possibly
due to confounding factors. Confounders such as BMI, alcohol
intake and dietary habits were associated with both tea
consumption and dementia, but these relations may differ in
magnitude and even direction between midlife and the late-life.
Most importantly, the pathological processes leading to dementia
start many years before the clinical manifestation of cognitive
decline, and the longitudinal changes related to tea consumption
in the brain may also begin earlier in adult life. A population-based
study found tea could mitigate AD pathologies in individuals aged
65 years or younger, which was consistent with our findings [15].
Therefore, tea consumption may be listed as one of the strategies
during midlife to prevent dementia. Moreover, males seemed to
benefited more from tea consumption than females in this study.
Previous evidence showed that brain structure and function
differed between males and females throughout the aging
process, and the sex differences might have an influence on the
protective effects of tea [66]. Previous cross-sectional studies
found that tea consumption had a protective effect against
amnestic MCI in males rather than females [67, 68]. Frequent tea
consumption was found to mitigate tau pathologies in males, but
not in females [15]. In the UKB, males were more likely to be tea
drinkers, and this could also make the protective effects of tea
more pronounced. The sex difference in the effects of
tea highlighted the importance of differential preventive mea-
sures in meles and females.
This study has several strengths. We had a large sample size. In

addition, we used two degrees of confounder-adjustment in the
analyses to make the results more convincing. The results after
adjusting for more extensive confounders (including education,
TDI, BMI, lifestyle factors, dietary factors and APOE4 status) were
stable. Besides, we discussed the potential mechanisms under-
lying the effects of tea on brain actions in greater depth than
previous studies. This study also has some limitations. Firstly, the
dynamic changes in tea consumption during follow-up might
influence the dosage-dependent associations. However, tea
consumption was only reported at baseline in this study. Secondly,
we only had information on tea consumption by cup measures,
but no universal standard tea cup size was recognized. Therefore,
the optimal consumption for preventing dementia identified in
our analyses should be regarded as an estimation. Thirdly, the
kinds and concentrations of bioactive components varied among
the processing methods of tea (such as black and green tea) [69].
However, there was no information about the type of tea, limiting
our ability to examine the biomolecule-related mechanisms.
Studies exploring the associations between different types of tea
and dementia are warranted in the future.
In conclusion, tea consumption was shown to be associated

with a lower risk of dementia in the total participants. As a
potentially modifiable lifestyle factor, tea consumption could play
a pivotal role in the primary prevention for dementia. This study
would offer a relatively simple and low-cost solution to the
interventions of age-related cognitive decline or dementia.
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